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PYRIDO- AND PYRIMIDOPYRIMIDINE IDERIVATIVES 
AS ANTI- PROLIFERATIVE AGENTS 

This invention relates to pyrimidopyrimidine derived macrocycles that have 
5 been found to possess anti-proliferative activity, such as anti-cancer activity and are 
accordingly useful in methods of treatment of the human or animal body, for exaniple 
in the manu&ctuie of medicaments for use in hyper proliferative disorders such as 
afherosclerosiS) restenosis and cancer. The invention also relates to processes for the 
manu&ctuie of said pyrimidopyrimidine derivatives, to pharmaceutical conipositions 

10 containing them and to their use in Hic manufacture of medicaments of use in the 
inroductton of anti-proliferative effect . 

In particular, the compounds of the present invention were found to inhibit 
tyrosine kinase enzymes, also called tyrosine kinases. Tyrosine kinases are a class of 
enzymes, which catalyse the transfer of the terminal phosphate of adenosine 

15 triphosphate to the phenolic hydroxyl groiq> of a tyrosine residue present in the target 
protein. It is known, that several oncogenes, involved in the transformation of a cell 
into a malignant tumour cell, encode tyrosine kinase enzymes including certain growth 
fector receptors such as EGF, FGF, IGF-IR, IR, PDGF and VEGF. This &mily of 
receptor tyrosine kinases and in particular the EGF lanuly of receptor tyrosine kinases 

20 are frequently present in common human cancers such as breast cancer, non-small cell 
lung csncers including adenocarcinomas and squamous cell cancer of the lung, bladder 
cancer, oesophageal cancer, gastrointestinal cancer such as colon, rectal or stomach 
cancer, cancer of the prostate, leukaemia and ovarian, bronchial or pancreatic cancer, 
which are examples of cell proliferation related disorders. 

25 

Accordingly, it has been recognised that the selective inhibition of tyrosine 
kinases wiU be ofvalue in the treatment of ceU proliferation related disorder Support 
for this view is provided by the development of Herceptin® (Trastuzumab) and 
Gleevec™ (imatinib mesylate) the first examples of target based cancer drugs. 

30 Herceptin® (Trastuzumab) is targeted against Her2//i«/, a receptor tyrosine kinase 
found to be amplified up to 100-fold in about 30% of patients with invasive breast 
cancer. In clinical trials Herceptin® (Trastuzumab) proved to have anti-tumour activity 
against breast cancer (Review by L.K. Shawer^ a/, **Smart Drags: Tyrosine kinase 
inhibitors in cancer therapy^, 2002, Cancer Cell Vol.1, 1 17), and accordingly provided 

35 the pmofofprinciple for thereQ>y targeted to receptor tyrosine Idiiases. The second 

exanqple, Gleevec™ (imatinib mesylate), is targeted against the abelson tyrosine kinase 
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(BcR-Abl), a coBstitutively active cytoplasmic tyrosine kinase present in virtually all 
patients with chronic noiyelogenous leukaemia (CML) and 15% to 30% of adult patients 
with acute lymphoblastic leukaemia. In clinical trials Gleevec™ (imatinib mesylate) 
showed a spectacular efiBcacy with triitiimal side effects that led to an approval within 3 
5 months of submission. The speed of passage of this agent through clinical trials and 
regulatory review has become a case study in teyrid drug development (Drucker B. J. & 
Lydon N., *Tessons learned from the development of an Abl tyrosine kinase inhibitor 
fi)r chronic myelogenous leukaemia.'', 2000, J.ClinJnvest 105, 3). 

1 0 Furliier su|>pQrt is given by the demonstration fbat EGF receptor tyrosine kinase 

inhibitors, specifically attenuates the growth in afhymic nude mice of transplaated 
carcinomas such as human mammary carcinoma or human squamous cell carcinoma 
(Review by T.IL Burke Jr., Drugs of the Future, 1992, 17, 1 19), As a consequence, 
th^ has been considerable interest in the development of drags to treat different 

15 cancers that target the BGFR receptor. For exan^le, several antibodies that bind to the 
extta-cellular domain of EGFR are undergoing clinical trials, including Erbitux™ (also 
called C225, Cetuximab), which was developed by Imclone Systems and is in Phase III 
clinical trials for the treatment of several cancers. Also, several promising orally active 
drugs that are potent and relatively specific inhibitors of the EGFR tyrosine kinase are 

20 now well advanced in clinical trials. The AstraZeneca compound ZDl 839, which is 
now called IRESSA® and approved for tiie treatment of advanced non-small-cell lung 
cancer, and the OSI/Genentech/Roche con^KJund OSI-774, which is now called 
Tarceva™ (erlotinib) , have shown madced efElcacy against several cancers in human 
clinical trials (Mdrin M. J., ^rom oncogene to drag: development of small molecule 

25 tyrosine kinase inhibitors as anti-tumour and anti-angiogenic agents, 2000, Oncogene 
19, 6574). 

In addition to the above, EGF receptor tyrosine kinases has been shown to be 
implicated in non-malignant proliferative disorders such as psoriasis (elder et al , 
30 Science, 1989, 243; 81 1), It is therefore expected that inhibitors of EGF type receptor 
tyrosine kinases will be use&l in the treatment of non-malignant diseases of excessive 
cellular proliferation such as psoriasis, benign prostatic hypertrophy, atherosclerosis 
and restenosis. 

It is disclosed in International Patent Applications WO 96/07657 & WO97/32880 that 
35 pyrimidopyrimidines are useful as inhibitors of tyrosine kinase and in particular of tiie 
EGF type receptor tyrosine kinases. Unexpectedly it was found that 
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pyritmdopyrmiidine derivatives of the present fonnula (I) Hiat are different in structure 
show to have tyrosine kinase inhibitory activity. 

It is accordingly an object of the present invention to provide fonher tyrosine kinase 
5 inhibitors useful in the manufacture of medicaments in the treatment of cell 
prolifinative related disorders. 

This invention concerns conq>ounds of fonnula (J) 

10 



the iV'-oxide forms, the pharmaceutically acceptable addition salts and the 
stereochemically isomoic forms thereof wherein 

15 a^-a^^-a* represents a divalent radical selected ftom N-CH=CH-CH, N-CH=N-CH 
orCH-CH=N-Caa[; 
Z represents O, NH or S; 

YrepresCTts -Ca^allcyl-, -Ca^alkenyl-, -Ci-salkyl-oxy-Ci^aliyl-, 

-Ci-salkyl-NR^^-Ci.salkyl-, -Ci.5alkyl.NR^^-CX)-Ci.5alkyK 
20 -Ci-5aIkyl-C»-lslR^^-Ci.5aIkyl-, -Ci.^alkyl-C»-NH-, 

^i.^aIkyl-NH.CO-, -CO-NH-Ci^alkyl-, -NH-CO-Ci.6alkyl-, -CO-Cwalkyl-, 

-^^i.yalkyl-CX)-, Ci^alkyKXXIi^alkyl; 
represents a direct bond, O, -0-Ci.2alkyl-, CO, -C»- Ci-aalkyl-, NR", 

-NR^-Cwalkyl-, NR^^-CO-, NR^^-CO^i.aalkyl., .0-N=CH- or Ci-jalkyl; 
25 represents a direct bond, O, -O-CuaaDgrl-, CO, -CO- Ci-2allgrl-, NR", 

NR^-Ci-2alkyl-, NR"-C0-, NR"-CO-Ci.2angrl-, Het^-Ci.2alkyl-, -0-N=CH- or 

Ci.2alkyl; 

represents hydrogen, cyano, halo, hydroxy, formyl, Ci-^alkoxy-, Ci-^alkyl-, 
Ci-^alkoxy- substituted wifli halo. 
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Ci^aOcyl substitated with one or where possible two or more substituents selecte^l 

jfrom hydroxy or halo; 
represents hydrogen, cyano, halo, hydroxy, hydro>grcarbonyl-, Het^^-carbonyl-, 
Ci^alkyloxycarbonyl-, Ci^alkylcarbonyl-, aminocarbonyl-, mono-or 
di(Ci^^a]kyl)aminocarbonyl-, Het\ formyl, Ci^alkyl-, C2.«alkynyl-, Ca^cycloallcsrl-, 
Q^cycloalkyloxy-, Ci-^alkoxy-, Ar^ Ar^-03qr-, dihydroxyborane , 
Ci^alkoxy- substituted with halo, 

CMalkyl substituted with one or where possible two or more substituents select&cl 

from halo, hydroxy or NR^^ 
Ci^alkylcarbonyl- wherein said Ci^alkyl is optionally substituted with one or 

where possible two or more substituents selected from hydroxy or 

Ci^alkyl-oxy-; 

represents hydrogen, Ci.4allQrl, cyano or Ci.4alkyl substituted with one or more 
substituents selected fivnn halo, Ci.4alkyloxy-, amino-, mono-or 
di(Ci.4a]]cyl)amino-, Ci.4alkyl-sulfbny]r or phenyl; 

R'^ represents hydrogen, hydroxy, Ar^-oxy, Ar'*-Ci-4alkyloxy-, Ci^alkyloxy-, 

C2-4alkenyloxy- optionally substituted with Het^^ or R"* represents Ci^alkyloxy 
substituted with one or where possible two or more substituents selected from 
Ci^alkyloxy-, hydroxy, halo, Het^-, -NR^R^, -carbonyl- NR^^^ or Het^-carbony-l-; 

R^ and R^ are each independently selected from hydrogen or Ci^alkyl; 

R^ and R^ are each indq[)endently selected frt>m hydrogen, Ci^alkyl, Het^ 

aminosulfonyl-, mono- or di (Ci.4alkyl)-aminosu]fQnyl, hydro:8y-Ci.4alkyl-, 
CMalkyl-oxy-Ci^aBgrl-, hydroxycaxbonyl-Ci.4a]kyl-, Ca^cloallsyl, Het^- 
carbonyl-Ci-ialkyl-, Het^'^-cafbonyl-, poIyhydroxy-Ci.4allgrl-, Het"-Ci.4alkyl- om: 
Ar^-Ci^alkyl-; 

R^ and R^^ are each independently selected from hydrogen, Ci^allcyl, C3^cycloalkyl, 
Het^ hydroxy-Ci^alkyl-, Ci^ialkyloxyCi^alkyl- or polyhydroxy-Ci-4alkyl-; 

R^^ nqiresents hydrogen, Ci^alkyl, Het^, Het^-Ci^alkyl-, CMalkenylcarbonyl- 

pptionally substituted with Het^-Ci^alkylaminocarbonyl-, C24alkenylsulfonyl-, 
Ci^alkyloxyCi^allgrl- or phenyl optionally substituted with one or where possib»le 
two or more substituents selected from hydrogen, hydroxy, amino or Ci.4aIkylo?5y-; 

R*^ represents hydrogen, Ci-ialkyl, Ci^iaDcyl-oxy-carbonyl-, Het*'', Het**-Ci.4allcyK 
Q^alkenylcaifoonyl- optionally substituted with Het^^-Ci^alkylaminocarbonyl-, 
C2^alkenylsulfonyl-, Ci^alkyloxyCi-4alkyl- or phenyl optionally substituted witHi 
one or where possible two or more substituents selected from hydrogen, hydrojc^r, 
amino or Ci.4alkyloxy-; 
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R^^ represents hydrogen, Ci^aliyl, Het^^, Het^'^-Ci^alkyl- or phenyl optionally 
substituted with one or where possible two or more substituents selected from 
hydrogen, hydroxy, amino or Ci^allcyloxy-; 

R^^ andR^^ are each independently selected fix)m hydrogen, Ci^alkyl, Het^^-Ci.4a]]cyl- 
or Ci.4aDQ^lo3^i^a]kyl-; 

R^^ and R" are each independently selected fix)m hydrogen, Ci^alkyl, Het^^-Ci^alkyl- 
or Ci^alkyloxyCi^alkyl-; 

Het^ represents a heterocycle selected from piperidinyl, morpholinyl, piperardnyl, 
furanyl, pyrazolyl, dioxolanyl, thiazolyl, oxazolyl, imidazolyl, isoxa2x>lyl, 
oxadiazolyl, pyridinyl or pyrrolidinyl wherein said Het^ is optionally substituted 
with one or where possible two or more substituents selected ftom amino, 
Ci^alkyl, hydroxy-Ci^alkyl-, phenyl, phenyl-Ci^alkyl-, 
Ci^alkyl-oxy-Ci^alkyl- mono- or di(Ci^alkyl)amino- or amino-carbonyl-; 

Het^ represents a heterocycle selected from morpholinyl, pipetsamy\ piperidinyl, 
pyrrolidinyl, thiomorpbolinyl or ditiiianyl wherein said Het^ is optionally 
substituted with one or where possible two or more substituents selected from 
hydroxy, halo, amino, Ci^aHcyl-, hydroxy-Ci^alkyl-, Ci^alkyl-oxy-Ci^aliyl-, 
hydroxy-Ci^alkyl-oxy-Ci-^alkyl-, mono- or di(Ci-4alkyl)amino-, mono- or 
di(Ci-4alkyl)amino-Ci^alkyl-, ansinoCi^alkyl-, mono- or di(Ci^alkyl)amino- 
sulfonyl-, aminosulfonyl-; 

Het^, Het"^ and Het^ each independentiy represent a heterocycle selected from 

morpholinyl, pqpeiazinyl, piperidinyl, fiiranyl, pyrazolyl, 'dioxolanyl,1hiazolyl, 
oxazolyl, imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or pyrrolidinyl wherein 
said Het^, Het"^ or Het^ is optionally substituted with one or where possible two or 
more substituents selected ftom hydrosy-, amino-, Ci.4alkyl-, 
C3^cycloalkyl-Ci-4alkyl-, aminosulfonyl-, mono- or di(Ci^a]kyl)aminosulfonyl or 
amino-Ci^alkyl-; 

Het^ represent a heterocycle selected from pyrrolidinyl or piperidinyl wherein said 
heterocycle is optionally substituted with one or where possible two or more 
substituents selected from Ci.4aEkyl, Ca^cycloalkyl, hydroxy-Ci.4alkyl-, 
Ci^alkyloxyCi.4aIkyl or polyhydn>xy-Ci.4alkyl-; 

Het^ and Het^ each indepmdently represCTt a heterocycle selected from morpholinyl, 
pyrrolidinyl, piperazinyl or piperidinyl wherein said Het^ or Het^ is optionally 
substituted witii one or where possible two or more substituents selected from 
Ci^alkyl, Ca^cloalkyl, hydroxy-Ci.4aIkyl-, Ci^ialkyloxyCi.4alkyI or 
polyhydroxy-Ci-4alkyl-; 
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Het^ and Het^^ each independently repri^ent a heterocycle selected from fuianyl, 
piperidinyl, moipholinyl, piperazinyl, pyrazolyl, dioxolanyl, fhiazolyl, oxazolyl, 
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or pyirolidinyl wherein said Het? or 
Het^^ is optionally substituted Ci^alkyl, Ca^cycloalkyl-Ci^alkyl- or 
anuno-Ci^alkyl-; 

Het^^ rqtresents a heterocycle selected fiom indolyl or 

Het^ represents a heterocycle selected fix)m morpholinyl, piperazinyl, piperidinyl, 
pyrrolidinyl, thiomorpholinyl or dilfaianyl wherein said Het^^ is optionally 
substituted with one or where possible two or more substituents selected from 
hydroxy, halo, amino, Ci^talkyl-, hydroxy-Ci-4alkyl-, Ci^alkyl-oxy-Ci^alkyl-, 
hydroxy-Ci^aDcyl-oxy-Ci^alkyl-, mono- or di(Ci^alkyl)ani]no- or mono- or 
di(Ci^alkyl)amino-Ci^alkyl-; 

Het represent a heterocycle selected from pyrrolidinyl or piperidinyl wherein said 
heterocycle is optionally substituted with one or where possible two or more 
substituents selected fiom Ci^alkyl, Ca^iydoalkyl, hydcoxy-Ci^allkyl-, 
Ci.4alkyloxyCi^al]cyl or polyhydroxy-Ci^aDsyl-; 

Het^^ represent a heterocycle selected fi^om morpholinyl, pyrrolidinyl, piperazinyl or 
piperidinyl wherein said heterocycle is optionally substituted with one or where 
possible two or more substituents selected from Ci^alkyl, Cj^cycloalkyl, 
hydroxy-Ci^alkyl-, Ci^alkyloxyCi^alkyl or polyhydtoxy-Ci^alkyl-; 

Het^^ andHet^^ each independently repies^t a heterocycle selected from morpholinyl, 
pyrrolidinyl, pq)erazinyl or piperidinyl wherein said Het^^ or Het^^ are optionally 
substituted witii one or where possible two or more substituents selected fiom Q. 
4allcyl, Cs^ficycloalkyl, hydro^Qr-Ci^all^l-, Ci.4aIkyloxyCi^aIkyl or polyhydroxy- 
Ci^ialkyl-; 

Het^^ represent a heterocycle selected from moiphoUnyl, pyrrolidinyl, piperazinyl, 
1,3,2-diQxaborolane or piperidinyl wherein said heterocycle is optionally 
substituted with one or more substituents selected from Ci^aOsyl; 

Het^^ represent a heterocycle selected from pyrrolidinyl or piperidinyl wherein said 
hetenx^le is optionally substituted with one or where possible two or more 
substituents selected fiom Ci^ialltyl, Ca^gcycloalkyl, hydroxy-Ci.4alkyl-, 
Ci^alkyloxyCi-4alkyl or polyhydro3C}r-Ci^alkyl-; 

Het^^ and Hiet^^ each independent^ represent a heterocycle selected from morpholinyl, 
pyrrolidinyl, piperazinyl or piperidinyl wherein said Het^^ and Het^^ are optionally 
substituted with one or where possible two or more substituents selected fiom 
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CMalkyl, Cs^cycloallcyl, hydroxy-Ci-iaUcyl-, Ci^alkyloxyCi^alkyl or 
polyhydroxy-Ci.4alkyl-; 
represents a heteiocycle selected from pyrrolidinyl, 2-pyrrolidinyl, piperidinyl, 
ptperazinyl or pyrazolidinyl wheiein said heteiocycle is optionally substituted with 
5 one or where possible two or more substituents selected from Ci^alliyl, 

Ca^cycloalkyl, hydioxy-Ci.4alkyl-, CMalkyloxyCi-4alkyl or 
polyhydroxy-Ci^alkyl-; and 
Ar^5 Ar^, Ar^, Ar"* and Ar^ each independently represent phenyl optionally substituted 
with cyano, Ci^alkylsulfonyl-, Ci^alkylsulfonylamino-, aminosulfonylamino-, 
hydro3Qr-Ci-4alkyl, aminosulfonyl-, hydroxy-, Ci^alkyloxy- or Ci^alkyl. 

As used in the foregoing definitions and hereinafter, 

- halo is generic to fluoro, chloro, bromo and iodo; 

- Cj.jalkyl defines methyl or ethyl; 

- C|.3a]kyl defines straight and branched chain saturated hydrocaibon radicals having 
from 1 to 3 carbon atoms such as, for exaniiple, methyl, ethyl, propyl and tihie like; 

- Cj^alkyl defines straight and branched chain saturated hydrocarbon radicals having 
from 1 to 4 carbon atoms such as, for example, methyl, ethyl, propyl, butyl, 1- 
methylethyl, 2-methylpropyl, 2,2-dimelhylethyl and the like; 

- Ci.5alkyl defines straight and branched chain saturated hydrocarbon radicals having 
from 1 to Scaibonatonois such as, for example, methyl, ethyl, propyl, buty^l,penty^ 1- 
methylbutyl, 2,2-dimelfaylpropyl, 2,2-dimetliyletfayl and &e lite; 

- C^^^all^l is meant to include Ci.salkyl and the higher homologues thereof having 6 
carbon atcxtns such as, for example hexyl, 1,2-dimettiyIbutyl, 2-metfaylpentyl and Hie 
like; 

- C^.^alkyl is meant to include Ci-^alkyl and the higher homologues thereof having 7 
carbon atoms such as, for example 1,2,3-dimethylbutyl, 1,2-metfaylpentyl and the like; 

- Cs-^alkyl defines straight and branched chain saturated hydrocarbon radicals having 
from 3 to 9 carbon atoms such as propyl, butyl, penfyl, hexyl, heptyl, octyl, nonyl and 
the like; 

- €}2-4alkenyl defines straight and branched chain hydrocarbon radicals containing one 
doiible bond and having fix>m 2 to 4 carbon atonos such as^ fi>r esxasnple vinyl, 2- 
propenyl, 3-butenyl, 2-butenyl and the like; 

- C3.9alkenyl define straight and branched chain hydrocarbon radicals containing one 
double bond and having fix>m 3 to 9 carbon atoms such as, for example 2-piopenyl, 3- 
butenyl, 2-birtenyl, 2-pentenyl, 3-pentenyl, 3-methyl-2-butenyl, 3-hexenyl and the like; 
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- Ca-^alkynyl defines straight and branched chain hydrocarbon radicals containing one 
tdple bond and having ftom 2 to 6 carbon atoms such as, for exarr^le, 2-propynyl, 3- 
butynyl, 2-bxitynyl, 2-pentynyl, 3-pentynyl, 3-mefhyl-2-butynyl, 3-hexynyl and the like; 

- C3.6cycloaIkyl is generic to cyclopiopyl, ^^clobutyl, cyclopenlyl and cyclohexyl; 
5 - Ci^ialkyloxy defines straight or branched saturated hydrocarbon radicals such as 

metfaoxy, ethoxy, propyloxy, butyloxy, 1-metfaylethyloxy, 2-mefhylprppylosy and the 
like; 

- Ci^allcyloxy is meant to include Ci^ialk/loxy and the higher homologues such as 
methoxy, ethoxy, prqpyloxy, butyloTsy, 1-methylethyloxy, 2-methylpropyloxy and the 

10 like; 

- polyhydroxy-Ci^alkyl is generic to a Ci-4alkyl as defined hereinbefore, having two, 
tiiree or were possible more hydroxy substituents^ such as for example trifluoromethyl. 

As used in the foregoing definitions andhereinafter,the term formyl refers to a radical 
15 of formula -CH(=0). When or represents the divalent radical -0-N=CH-, said 
radical is attached with the carbon atom to the R^, R"* bearing cyclic moiety, 
respectively the R\ R^ bearing phenyl moiety of the compounds of formula (I), 

Tlie heterocycles as mentioned in the above definitions and hereinafter, are meant 
20 to include all possible isomeric forms thereo:^ for instance pyrrolyl also includes TH- 
pyirolyl; tnazxAyl includes 1,2,4-triazolyl and 1,3,4-triazolyl; oxadiazolyl includes 
1,2,3-oxadiazoIyl, 1,2,4-oxadiazolyl, l,2,S-oxadiazolyl and 13,4-oxadiazolyl; ' ' 
thiadiazolyl includes 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl and 1,3,4- 
fbiadiazolyl; pyranyl includes 2i?-pyranyl and 4ff-pyran5d. 

25 Further, the heterocycles as mentioned in the above definitions and hereinafter may be 
attached to the remainder of the molecule of formula (I) through any ring carbon or 
heteroatom as appropriate. Thus, for example, when ftie heteiocycle is imidazolyl, it 
m^ be a 1 -imidazolyl, 2-imidazolyl, 3-imidazolyl, 4-imidazolyl and 5-imidazolyl; 
^en it is tiiiazolyl, it may be 2-thiazolyl, 4-thiazolyl and S-thiazolyl; when it is 

30 triazol^l, it may be 1 A4-triazol-l-yl, l,2,4-triazol-3-yl, l,2,4-tria2ol-5-yl, 1,3,4-triazol- 
1-yl and l,3,4-triazol-2-yl; when it is benzothiazolyl, it may be 2-benzothiazolyl, 4- 
benzothiazolyl, 5-benzothiazolyl, 6-b^izothiazolyl and 7-benzothiazolyl. 

The pharmaceutically acceptable addition salts as mentioned hereinabove are meant to 
35 conqmse the ther^eutically active non-toxic acid addition salt forms which the 

confounds of formula Q) axe able to form. The latter can conveniently be obtained by 



wo 2005/058913 



PCT/EP2004/053501 



treating the base form with such apptojmate acid. Appropriate acids comprise, for 
example, inorganic acids such as hydrohalic acids, e.g. hydrochloric or hydrobromic 
acid; sulfimc; nitric; phosphoric and the like acids; or organic acids such as, for 
exan^le, acetic, propanoic, hydroxyacetic, lactic, pyruvic, oxalic, malonic, succinic 
5 (i.e. butane--dioic acid), maleic, fiimaric, malic, tartaric, citric, methanesulfonic, 
etiianesulfimic, benzenesulfi>nic,/i-toluenesulfonic, cyclamic, salicylic, 
^-aminosalicylic, pamoic and tiie like acids. 

The pharmaceutically accqptable addition salts as mentioned hereinabove are meant to 
10 comprise the therapeutically active non-toxic base addition salt forms which the 

compounds of formula (T) are able to form. Examples of such base addition salt forms 
are, for example, the sodimn, potassium, calcium salts, and also the salts with 
pharmaceutically acceptable amines such as, for example, ammonia, alkylamines, 
benzathine, iST-methyl-D-glucamine, hydrabamine, anoino acids, e.g. arginine, lysine. 

15 

Conversely said salt forms can be converted by treatment with an appropriate base or 
acid into the free acid or base form. 

The term addition salt as used hereinabove also cornprises the solvates which the 
20 compounds of formula (T) as well as the salts Ifaereo:^ are able to form. Such solvates 
are for exanq>le hydrates, alcoholates and the like. 

The term stereocbemically isomeric forms as used hereinbefore defines the possible 
dififerent isomeric as well as conformational forms which the compounds of formula Q) 

25 may possess. Unless otherwise mentioned or indicated, the chemical designation of 
compounds denotes the mixture of all possible stereocbemically and conformationally 
isomeric forms, said mixtures containing all diastereomers, enantiomers and/or 
conformers of the basic molecular stmcture. All stereocbemically isomeric forms of 
Ibe oonqK>unds of formula both in pure form or in admixture with each other are 

30 intended to be embraced within the scope of Ifae pr^ent invention* 

Some of the compounds of formula (I) may also exist in their tautomeric forms. Such 
forms although not e^licitiy indicated in the above formula are intended to be 
included within the scope of the present inventioiL 

35 

TheiST-oxide forms of Ihe coirpounds of formula (I) are meant to comprise tiiose 
conqx>unds of formula (Q wherein one or several nitrogen atoms are oxidized to the 
so-called iST-oxide. 
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A piefened groiq) of compounds consists of those compounds of formula (I) wheiein 
one or more of Hie following restrictions apply : 
Z lepiesents NH; 

Y represents -C^alkyl-, -Ci^alkenyl-, -Ci-salfcy'l-oxy-Ci-salkyl-, 

-CiHsalkyl-NR^^-Ci-salkyl-, -Ci.«alkyl-NH-CX>-, -CO-Ci-Talkyl-, -Cwalkyl-CO- or 

Ci.^a]kyl-CX)-Ci.^aIkyl; 
represents O, -O-Ci-aalkyl-, -0-N=CH-, NR^^ or -NR^^-Ci-aalkyl-; in a particular 

embodiment represents -NR^^-, -O- or -O-CH2-; 
X^ represents a direct bond, O, -0-Ci-2alkyl-, -0-N=CH-, Ci-2alkyl, NR^^ or 

NR^^-Ci-2alkyl-; in a particular embodiment X^ represents a direct bond, 

-0-N=CH-, Ci-2alkyl-, -0-Cu2allcyl, --0- or -O-CH2-; 
represents hydrogen, cyano, halo or hydroxy, preferably halo; 
R^ represents hydrogen, cyano, halo, hydroi^, hydio^c^carbonyl-, 

Ci.4aIl(ylo3cy'carbonyl-, Het^^-carbonyl-, Ci.4alkyl-, C2.6allcynyl-, Ar^ or Het^; 

In a further embodiment R^ represents hydrogen, cyano, halo, hydroxy, 

or Ar^; 
R' represents hydrogen; 

R* represents hydrogen, hydroxy, Ci-4alkyloxy-, Ar^-Ci-4alkyloxy or R"* represents 
Ci.4allcyloxy substituted with one or where possible two or more substituents 
selected jGtom 
Ci.4a]l{yloxy- or Het^-; 

R^^ represents hydrogen, Ci^allsyl- or Ci^alkyl-oxy-carbonyl-; 

R^ rqiresents hydrogen, Ci.4alkyl- or Ci^iaScyl-oxy-carbonyl-; 

R*^ represents Het^^-C^l, in particular moipholinyl-C^alkyl; 

Het^ represents thiazolyl optionally substituted with amino, Ci-4alkyl, 

hydroxy-Ci.4alkyl-, phenyl, phenyl-Ci-4aIkyl-, Ci-4aIkyl-oxy-Ci-4alkyl-, 
mono- or di(Ci^alkyl)amino- or amino-carbonyl-; 

Het^ represents a heterocycle selected ftom morpholinyl, piperazinyl, piperidinyl or 
pyrrolidinyl wherem said Het^ is optionally substituted with one or where possible 
two or more substituents selected from hydroxy, amino or Ci^^aUcyl-; 
In a further embodiment Het^ represents a heterocycle selected fnim morpholinyl 
or pqieridinyl optionally substituted with Ci-4altyl-, preferably methyl; 

Het^^ represents a heterocycle selected from morpholinyl, pipetazanyl, piperidinyl or 
pyrrolidinyl wherein said Het^"* is optionally substituted with one or where possible 
two or more substituents selected fiom hydroxy, amino or Ci^allgrl-; 

Het^^ represents a heterocycle selected from piperidinyl, morpholinyl or pyrrolidinyl; 
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Ar"^ represents phenyl optionally substituted with cyano, hydroxy-, Ci-4alkyloxy or 
Q^alkyl; 

Ar^ reptesents phenyl optionally substituted with cyano, hydroxy, Ci^alkyloxy or 
Ci.4alkyL 

A further group of compounds consists of those compounds of formula Q) wherein one 
or more of the following restrictions ^)ply : 
Z represents NH; 

Y represents -Cs-galkyl-, -Ci-salkyl-NR^^-Ci^alkyl-, -Ci.«alkyl-NH-CO- or 
-CO-NH -Ci^alkyl- ; 
represents -O- or -NR"-; 

represents a direct bond, -Ci-aalkyl-, -0-Ci-2aIkyl, -O- or-0-CB[2-; 
represents hydrogen or halo; 

represents hydrogen, cyano, halo, hydroxycarbonyl-, Ci.4an£yloxycaiboiryl-, 
Het^^-carbonyl- or Ar^; 
R^ represents hydrogen; 

represents hydrogen, hydroxy, Ci^alkyloxy-, Ar^-Ci^alkyloxy or R* represents 
Ci^alkyloxy substituted with one or where possible two or more substituents 
selected from 
Ci-4alkyloxy- or Het^-; 
R^^ represents hydrogen; 

R^ represents hydrogen, Ci.4a]kyl- or Ci^alkyl-oxy-carbonyl-; 

R^ represents Het^^-Ci.4alkyl, in particular moxpholinyl-Ci^alkyl; 

Het^ represents a heteroqrcle selected from morpholinyl, piperazinyl, piperidinyl or 
pyrrolidinyl wherein said Het^ is optionally substituted with one or where possible 
two or more substituents selected fiom hydroxy, amino or Ci-4alkyl-; 
m a furdier embodiment Het" represents a heterocycle selected from morpholinyl 
or piperidinyl optional^ substituted with Ci.4alkyl-, preferably methyl; 

Het^^ represents morpholinyl; 

Het^^ represents a heterocycle selected fDom morpholinyl or pyrrolidinyl; 
Ar"^ represents phenyl; 

Ar^ represents phenyl optionally substituted with cyano. 

Another group of compounds consists of those coiqpounds of formula Q) wherein one 
or more of the following restrictions ^>ply : 
Z represents NH; 
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Y represents -Cs-palkyl-, -C2-9alkenyl-, -Ci-salkyl-oxy-Ci-saliyl-, 

-Ci-salkyl-NR^^-Ci-salkyl-, -Ci.salkyl-NR^^-CO-Ci.salkyl., -Ci^alkyl-NH-CO-, - 
CO-Ci.7alkyl., -C1.7alkyl.CO. or Ci^alkyl-CO.Ci^alkyl; 
represents O, -Q-Cuaalkyl-, .0-N=CH-, MR" or -NR^-Ci^alkyl-; in a particular 
embodiment X* represents a direct bond, Ci-2alkyl-, .O.Ci.2alkyl,-NR"., -O- or 
-O.CH2S 

X^ represents a direct bond, O, -0-Ci.2alkyl-, .0-N=CH., NR"-C0-, 

NR^''-CO-Ci-2alkyl-, Ci.2alkyl, Het^*^.Ci.2alkyl., NR^ or NR*^-Ci.2alkyl.; in a 
particular embodiment X^ represents a direct bond, Ci-2all<yl-, -0-Ci-2alkyl, 
NR^^-CO-, NR^^.CO.Ci.2alkyl., Het^°-Ci.2alkyl-, -O- or-O.CH2.; 

R^ represents hydrogen, cyano, halo or hydroxy, preferably halo; 

R^ represents hydrogen, cyano, halo, hydro:gr, hydroxycarbonyl-, 

Ci^alkyloxycarbonyl-, Het^^-<:arbonyl-, Ci.4alkyl., (i^alkynyl-, Ar^ or Het^; 
in a fiirfher embodiment R^ represents hydrogen, c^ano, halo, hydroxy, 
or Ar^; in a mcxre particular enibodiment R^ represents hydrogen or ^ 

R^ represents hydrogen; 

R* represents hydrogen, hydroxy, Ci^aDcyloxy-, Ar^-Ciu^alkyloxy or R"* represents 
Ci^alkyloxy substituted with one or where possible two or more substituents 
selected fix>m 
Ci^alkyloxy. or Het^-; 

R^^ represents hydcog^ Ci^alkyl- or Cwalkyl-oxy-carbonyl-; 

R^^ represents hydrog^ Ci.4aikyl- or Ci^alkyl-oxy-K^onyl-; 

R" represents hydrogen or Het^^<:i.4alkyl, in particular motpholinyl-Ci^allcyl; 

R^* represents hydrogen or Ci^alkyl; 

R^^ represents hydrogen, CMaliyl-, Het^^-Ci^alkyl or Ci-4allqrl-K>xy-<:i.4alkyl; in 
particular R^^ represents hydrogen or Ci^alkyl; 

Het^ represents thiazolyl optionally substituted with amino, Ci^alkyl, 

hydro3iy-Ci,4alkyl., phenyl, phenyl-Ci^alkyl-, Ci^alkyl-K>xy-Ci^alkyl., 
mono- or di(Ci^allgrl)amino- or aminoK^arbonyl-; 

Het^ represents a heteroc^cle selected fiom morpholinyl, piperazinyl, piperidinyl or 
pyrrolidinyl wherein said Het^ is optionally substituted with one or where possible 
two or more substituents selected fiom hydroxy, amino or Ci^alkyl-; 
In a fiirtiier embodiment Het^ represents a heterocycle selected from morpholinyl 
or piperidinyl optionally substituted with Ci.4alkyl-, preferably meti^rl; 

Het*"* represents a heteroq/cle selected from morpholinyl, pipera2nnyl, piperidinyl or 
pyrrolidinyl wherein said Het^"* is optionally substituted with one or where possible 
two or more siibstituents selected fiom hydroxy, amino or Ci^alkyl-; 
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Het^^ represents a heterocycle selected ftom piperidinyl, moipholinyl or pyrrolidinyl; 
Het^^ represents a heterocycle selected from pyrrolidinyl, 2-pyrrolidinyl or piperidinyl; 
Het^^ represents a heterocycle selected from moipholinyl, p^razinyl, piperidinyl or 
pyrrolidinyl wherein said Het^ is optionally substitiited with one or where possible 
5 two or more substituents selected from hydroxy, amino or Ci^alkyl-; 

Ar^ represents phenyl optionally substituted wifli cyano, hydroxy-, Ci^alkyloxy or 
Ci.4a]kyl; 

Ar^ represents phenyl optionally substituted wilh cyano, hydroxy, Ci^alkyloj^ or 
Ci^alkyl. 

A fturther groiQ) of conipounds consists of those compounds of formula (J) wherein one 
or more of the following restrictions apply : 
Z represents NB^ 

Y represents -C3-9aIkyl-, -Ci-salkyl-NR^^-Cwalkyl-, -Cx-saliyl-NR^'^-CO-Ci-salkyl-, - 
Ci.6aIkyl-NH-CX)- or -CO-NH -Ci.6allyl- ; 
represents a direct bond, -Ci-2alkyl-, -0-Ci.2alkyl, -0-, -O-CH2- or -NR"-; 
represents -O, -0-Ci-2alkyl, -NR^-, NR^^-Ci.2a]kyl, -NR^-CO-, NR^'^-CO^i. 

2alkyl or Het^^-Ci-ialkyl-; 
represents hydrogen or halo; 
R^ represents hydrogen, cyano, halo, hydro^Qrcaifoonyl-, Ci^alkyloxycarbonyl-, 

Het^^-carbonyl- or Ar^; in particular R^ represents hydrogen or halo; 
R^ represents hydrogen;- 

R^ represents hydrogen, hydroxy, Ci.4aIkyloxy-, Ar'*-Ci.4aIlc}rloxy or R* represents 
Ci.4alkyloxy substituted with one or where possible two or more substituents 
selected from Ci^alkyloxy- or Het^-; 
R" represents hydrogen; 

R^^ represents hydrogen, Ci.4alkyl- or Ci-4alkyl-oxy-carbonyl-; 
R^^ represents hydrogen or Het^'^-Q-ialkyl, in particular hydrogen or 

morpholinyl-Ci.4alkyl; 
R^^ represents hydrogen; 
R^^ represents hydrogen; 

Het^ represents a heterocycle selected from morpholinyl, pip^cazinyl, pq)eridinyl or 
pyrrolidinyl wherein said Het^ is optionally substituted with one or where possible 
two or more substituents selected from hydroxy, annno or Ci^allcyl-; 
In a furlher embodiment Het^ represents a heterocycle selected from morpholinyl 
or piperidinyl optionally substituted witii Ci.4allgrl-, preferably methyl 
Het^"^ represents morpholinyl; 
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Het^^ represents a heterocycle selected from moipholinyl or pyirolidinyl; 
Het^ represents pyrrolidinyl or piperidinyl; 
At"* represents phenyl; 

Ar^ represents phenyl optionally substituted ^fli cyano. 



. Other special group of compounds are: 

- those conopounds of formula (10 wherein a^-a^^-a"* represents N-CH=CH-CH; 

- those compounds of formula (I) wherein a^.a^=a^-a'* represents N-CH=N-CH; 
10 - those compounds of formula (1) wherein a^-a^=a^-a* represents CH-CBNN-CH; 

- those compounds of formula (I) wherein -X^- represents -0-; 

- those compounds of formula (T) wherein — - represents -NR^ in particular — NH-; 

- those conipounds of formula (1) wherein -X^- represents ^NR^^-OO-Ci-aalkyl-, in 
particular -NH-CX)-Ci-2alkyl-; 

15 - those confounds of formula (I) wherein — X^- represents represents — MR^-CiJzaDcyl, 
in particular -NH-Ci.2alkyl-; 

- those compounds of formula (I) wherein -Y- represents -Ci-sallyl-NR^^-CO-Ci- 
salkyl-, in particular -d-salkyl-NH-CO-Ci-salkyl-; 

- those compounds of formula (I) wherein is fluoro, chloro or faremo; 
20 - those compounds of formula (I) wherein is fluoro, chloro or bremo; 

- those compounds of formula (I) wherein R^ and R^ represent halo, in particular those 
conipounds of formula (t) wherein R^ represents fluoro and R^ represents chloro; '■^-y 

- tiiose conipounds of formula (T) wherein R^ is Het^ in particular thiazolyl optionally 
substituted with metbyl; 

25 - those compounds of formula (!) wherein R^ is Ca^alkynyl-, in particular etiiylyn; 
« those compounds of formula (!) wherein R^ is Ar^, in particular phenyl optionally 
substituted witii c^ano; 

- those compounds of formula (T) wherein R^ is cyano; 

- those conqiounds of formula (I) wherein R"^ represents methoxy and wherein said 
30 methoxy is at position 7 of tiie structure of formula (1). 

- those oonq>ounds of formula (Q wherein R^ represents Ci.4alkyloxy substituted with 
one substituent selected firom Ci^alkyloxy- or Het^-, in particular prppyloxy 
substituted with moipholinyl; 

- those compounds of formula (T) wherein R^^ is hydrogen or Ci^alkyl-, in particular 
35 methyl or wherein R^ is Ci.4aIkyl-oxy-caifoQnyl-, in particular t-butyl-oxy-carbonyl- 
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- those compounds of formula (1) wherein Het^ represent motpholinyl optionally 
substituted with Ci^alkyl, preferably morpholinyl attached through the nitrogen 
atom to the remainder of the compounds of formula Q); 

- those confounds of formula (I) with Het^ represent morpholinyl optionally 

5 substituted with Ci^ialkyl, iireferably morpholinyl attached througjh the nitrogen 
atom to the remainder of the compounds of formula (J); 

- those compounds of formula (I) wherein Het^^ represent morpholinyl optionally 
substituted with Ci^alkyl, jnieferably morpholinyl attached throu^ the nitrogen 
atom to the remainder of the compounds of formula (I). 

10 

In a further embodiment of the present invCTition the B} substituent is at position 4% the 
substituent is at position 5% the substituent is at position 2 and the R"^ substituent 
at position 6 of the structure of formula (T). A particular group of compounds 
according to the present invention are those coinpounds of formula (I) wheiein the 

15 aniline fragment is substituted with an R^ substituent atposition S' and an R^ 

substituent at position 4'and wherein said R^ substituent repr^ents halo, in particular 
fluoro and wherein said R^ substituent is being selected from the gjxnsp consisting of 
halo, Ci^alkyloxycarbonyl-, Het^^-carbonyl-, hydroxycarbonyl-, cyano, or Ar^; in 
particular said R^ being selected ftom chloro, bromo, methoxycarbonyl, pyrrolidino- 

20 carbonyl, morpholino-carbonyl, hydroxycafbonyl, cyano or phenyl. 

The corrqpounds of iMs invention can be prepared by any of several standard synthetic 
processes commonly used by those skilled in fiie art of organic chemistry and described 
for instance in the following references; •'Heterocyclic Conqpounds" - Vol24 (part4) p 
25 261-304 Fused pyiimidines, Wiley - Interscience ; Chem. Phamu BuD., Vol 41(2) 362- 
368 (1993); J.Chem.Soc., Perldn Trans. 1, 2001, 130-137. 

In brief, for those compounds of formula (I) where — X^- represents — NH- said 
compounds ate generally prepared by reacting the 4-chloro-6-fiuoro-pyridopyriimdines 

30 or 4,6-dichlorD-pyridopyrimidines of formula (U) with an expropriate aniline (JH) using 
art known reaction conditions, such as for exanople using abase such as triethylamine, 
j\r-etfayl-jyr-(l-me1hylethyl)-2-propaneamine (DIPEA) and alike or an inorganic base 
such as Na2C!03, K2CO3 and alike in a suitable polar solvent such as prppane-2-ol, 1- 
butanol, acetonitrile and alike at elevated ten^eratures (60-90®C or reflux 

35 tenq>eratures). The thus obtained aiiilinopyridopyriinidens (IV) are in a &rf^ 

substituted by a suitable amine of formula (VII) to give the intermediate of formula 
Vm. This second substitution reaction is performed under known reactions conditions. 



wo 2005/058913 



PCT/EP2004/053501 



-16- 

such as for example, by stirrmg the reagentia at an elevated temperature (70-100*^0) 
optionally in an appropriate solvent such as propane-2-ol, 1 -butanol or DMSO in the 
presence of a base such as for example triethylamine, JSr-ethyl-i\r-(l-methylethyl)-2- 
propaneamine (DIPEA) and alike. The compounds according to the invention are 
5 £naUy obtained after dqprotection and rmg closure using ^ Ring 
closure is typically perfomied in the presence of a coupling reagent such as for example 
1,3-dicyclohexylcarbodiimide (DCC), JVJV-carbonyldiimidazole (GDI), POCI3, TiCU, 
sulfur chloride fluoride (SO2CIF) or l-(3-dimethylaminopropyl)-3-ethylcaibodiimide 
(EDCI) in the presence or absence of hydro3^benzotiialzoIe CHOBt). 

10 

ScbemeO 




Pi andP2 each indqiendently represent optionally protected fimctioiial groins, such as for 
example a -pnnsaiy or secondaiy amine, liydrosgrl, hydroxycaibonyl, or halo (CI, Br or I), "which 
vpon reaction prodnce togelh^ with tfie Yi respectively Y2 substitaents to which fbey axe 
15 attached, the divalmtY radical as defined for the conqx>unds of fomiulaQ 

X^, R^, R^ andR"^ axe defined as for the craopounds of foxmula (I) hereinbefore. 



As further exen^lified in the e3q)erimental part of the description, the group of 
20 conqpounds of formula (J) weie -X^- r^esmts -O-, hereinafter referred to as 
con[qK>unds of formula (!'), are generally prepared using the following synthesis 
scheme. Ihe conqx>unds of this invention may be priq>ared by coupliiig the kno\^ 
cUoro-6KMoropyrimidopyxiniidiiie (D) with suitable substituted anilines (HQ, which in 
their turn can be prepared according to reaction schemes 3-7, furnish die intermediate 
25 conqiounds (TV)- Substitution under art laiown conditions of Ifae 6-cUorog^ 
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an apprqpriate aOcoxide, such as for example benzyloxide, methoxide, 2- 
trimefhylsilylethanol, shoiild give upon deprotection, respectively catalytic 
hydrogenation, TMSCl, Na2S, TFA, the desired Mitsunobu precursor of formula (VI) 
(Scheme 1). N^d, ring closure under Mitsunobu conditions g^e fhe target compounds 
5 (T). 



Scheme 1 



R2 



Y' 

/ 



I m 

I ROH,NaH 




r4^34-^ Ns* r4^4<n^ Deprotection .j^A^ 

R (T) (VI) (V) 



V = hydrogen or a protective group such as for example, melhylcarbonyl, t-butyl, methyl, ethyl, 
b^izyl or tdaDcylsilyl groups; R represents b^zyl or methyl; and a^-a^^-a^ Y, X^, R^ R^ 
10 andK^ are defined asTor the compounds of finmola (J) 

Tliose conqpounds of formula (T), where represents -O- and aW^^-a^ represents 
N-CHN-C are prepared by coupling the known 8-chloro-2(melhylthio)-pyrimido[554- 
djpyrimidine (XXVII) with 2-aminophenol derivatives of formula (XXVIII) yielding 
15 the intermediate compounds of formula (XXEX). Next, after protection of the phenol 
and oxidation of the methylfhio, the pyrimidopyrimidine of formula (Vm) is converted 
into the intermediate of formula (IX) using the appropriate alkoxide. Subsequent 
deprotection followed by ring closure under Mitsunobu conditions should give ttie 
target compounds of formula (F). 
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Schenie2 



\ CI HO^^^R' 



(xxvni) (xxvn) r^-OC4' 




3 (XDQ 



V — O, 



Protection 
Phenol and 
Oxidation 
Sulfide 



OX) R*'<^-^N%3 (vm) 

Deprotectioii 

^^^^ ^ jjC^^^. 

V = hydrogen or a protective grotq> such as for example, metfaylcarbonyl, t-bulyl, methyl, ^yl, 
Benzyl or irialkylsilyl groups; and Y, X\ R^ and R"^ are defined as'fixr the compounds of 

£bmn]la(l) 

5 

Alternatively, Ibose conqmunds of finmula (I'), ^ere represents -O- and 
a^-a^W^-a* represents C-0=C-N, said compoimds are prepared by coupling the known 
4-cbloro-6-fIuoropyridopyrimidines QI) with 2-aininophenol derivatives of formula 
(XXVm) yielding the intermediate compounds of formula (VII). Next, after protection 
10 of the phenol, the pyridopyrimidine of formula (Vm) is converted into the intermediate 
of finmula (EX) using the appropriate aOcoxide. Subsequent deprotection followed by 
ring closure under Mitsunobu conditions should give the taiget compounds of formula 
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Schemes 



C! 




N 

(VI) 



F. 



HO 
HN 




r2 



N 



10 



V — o. 




-re 



(IX) 
Depiotection 



HO. 
HN 



v-o, 

HN 



Protection 
Phenol 



(vni) 



/ 



HN 



R* 




1. 



V = hydrogen or a protective group such as for example, metiiylcarbonyl, t-butyl, methyl, ethyl, 
bmzyl or Irialkylsilyl groiq^s; and Y, R^ and R"^ are defoied as for tiie compounds of 

fotmula (I) 

For those conopoimds where represents -0-, the suitable substituted anilmes of 
formula (m^ are generally prepared fix)m the commercially available nitro-pbenols PQ 
and tiie oc, o-protected halogenated alcohols (XI) under alkaline conditions in a 
reaction inert solvent, for exaxnple, using dimefhylacetamide (DMA) in the presence of 
K2CO3. The r^ulting nitro-phenyl derivative is subsequently reduced according 
to standard conditions, for example, using iron/acetic acid, to yield the substituted 
anilines of formula (m^ (Scheme 4). 
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Scheiiie4 




X lepresents a halogen such as for example, CI, Br aad I 

V repzesents a ^otective grov^ such as for exan^le xneth^carbonyl 

For those compounds where represents -NR^^-or -NR^^-Ci-2alkyl-, the suitable 
substituted anilines of formula (m^ are generally prepared from the commercially 
5 available 2-iutro-benzaldehydes (Xlll) and Die amine substituted alcohols (XIV) by 
reductive aminalion under standard conditions, for example using NaBHi and 
titanium(iv)isoprqpoxide as reducing agents in ethanol as solvent, yielding in a first 
step the mtro-benzylamines of formula PCV). 

Next the primary fiee alcohol is protected using art known procedures, for example, 
10 using an esterification reaction with acetic anhydride in the i>resence of pyridine. 

The flius obtained intermediate of formula (XVT) is subsequently reduced according to 
standard conditions, for example, using iron/acetic acid to yield the substituted anilines 
of formula (m^ (Scheme 5). 



Scheme 5 




15 



V represents a protective groi:^ such as for exaiiq>lemediylcazboir^ 
m=Oor 1 aiidn= 1 or2 
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For those conqx)unds where represents — 0-N=CH-, the suitable substituted anilines 
of formula (UT) are generally prepared according to reaction scheme 5. 
In a first step the known 2-nitco-benzaldeliydes (XIIQ are converted into the 
corresponding oxime PCVD) using, for exan:q>le, the art known condensation reaction 
wilb hydroxylamine. 

Next said oxime of formula XVII is allowed to react for example, with an halogenated 
allsylacetate under alkaline conditions, for example using K2CO3 in DMSO or with a 
stronger silyl protecting groiq) like TBDMS or TBDPS, and NaH in THF for Ae 
reaction conditions, followed by reducing the nitro group, for example, wilfa iron/ acetic 
acid, to provide the suitable substituted aniline of formula (lEO. 



Scheme 6 




X repiesents a halogen such as for example CI, Br or I 



For those compounds where X^ represents a direct bond and Y represents Ci.^alkyl- 
NH-CO-, the suitable substituted anilines of formula QB^ are generally prepared 
according to reaction scheme 7. 

In a first step the known 2-nitro-benzoic acids (XX) are amidated to tiie intermediates 
of formula QOOI) under art known conditions, for example, using a hydroxylated 
amine of formula (XXI) tiiat is added drppwise to amixture of (X?Q in CH2C32 in the 
presence of 1,1 'carbonylbis-lH-imidazole. 

Next the prinoary firee alcohol is protected using art known procedures, for example, 
using an esterification reaction witii acetic anhydride in tiie presence of pyridine. 
The tiius obtained intermediate of formula (XXDI) is subsequentiy reduced according 
to standard conditions, for example, using iion/acetic acid to yield Ifae substituted 
anilines of formula (Ul% 
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Scheme? 




(jnfi) (XXIII) 



V represents a protective groixp sud& as for example methylcarbon^ 

For those coxtqx>uiids where lefireseiits a direct bond fhe suitable substitated anilines 
of formula (HT) are generally prepared according to reaction scheme 7. 

5 In a first step Ifae known 2-nitro-benzaldehydes (Xm) are alkenated to the 

intermediate of formula (XXV) under art known conditions, for exarc^le, using the 
Wittig Reaction with the appropriate phosphonium salt of formula (XXIV)- 
FoUowing esterification of fhe fi:ee carboxylic acid under standard conditions for 
example, using eflianol under acidic conditions, the intermediate of formula (XXVT) are 

10 reduced to yield the desired substituted anilines of formula ([IT). 




I Esterification 




(XXVI) 



Yi represents a Ci.7alk^ 

As finlher exemplified in the e^qperimental part of the description, the group of 
15 compounds of formula (T) were -X^- represents -NR^^- and and a^-a^^-a"^ represents N- 
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CH=N-CHr, hereinafter referred to as compounds of formula (I'"), are generally 
prq)ared ixsing the following synthesis scheme (Scheme 9). Said compounds may be 
prepared by cot^ling Ihe known 8-chlon>-2(me1hyllWo)-pyrimido[5,4-cQpyrinMdi^ 
with 2-aminophenol derivatives of formula (XXVni), yielding the intemiediate 
coiiq)ouncls of formula (XXDQ. 

Next, Hie pyiimido[S,4-d|pyrimidine of formula (XXDC) is aminated using an aminated 
alcohol (XZXX) under art known conditions, followed by ring closure under Mitsunobu 
conditions to give the target compounds of formula (I'")- 

Scheme 9 



HO^^^^R'' \ im X Protection 

(XXVm) (XXVD) k^^^. (XXDQ 

V = Protective grotp 



+ R^^N— Y — OH PCXX) 




X 1 



\ HN' 

10 R R* (XXXI) 



N 



Alternatively, for those compounds of fomiula (I) where -X^- represents -NR^^- and 
and a^-a^aW represents N-CH=CH-CH, the compounds are prepared by coi^ling the 
known 4,6-dichloro- CXXVII') with 2-aminophenol derivatives of fermula (XXVm), 
15 yielding ftie intermediate comi)oiuids of formula (XXDC'). 

Nex^ fhe pyrido[3,2-d]pyrimidine of formula (XXDC) is aminated using an aminated 
alcohol pOOQ under art known conditions, followed by ring closure under Mhsunobo 
conditions to give fhe target confounds of formula (I'"') (Scheme 10). 
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Schane 10 




+ R^'In— Y— OH (XXX) 




Where necessary or desired, any one or more of fhe following fiirther steps in any oider 
5 may be perfonned : 

(i) iCTDLOving any remaining protecting groiq>(s); 

(ii) converting a compound of formula (T) or a protected form thereof into a fiirther 
compound of formula (T) or a protected form thereof; 

(iii) converting a compound of formula (I) or a protected form thereof into aiST-oxide, a 
10 salt, a quaternary amine or a solvate of a compound of formula (0 or a protected 

fotmlhereo:^ 

(iv) converting a iST-oxide, a sal^ a quaternary amine or a solvate of a coinpound of 
formula (I) or a protected form thereof into a coiDpound of formula (1^ 

form thereof 

15 (v) converting a AT-oxide, a salt, a quaternary amine or a solvate of a compound of 
formula (I) or a protected form thereof into another JST-oxide, a pharmaceutically 
acceptable addition salt a quaternary amine or a solvate of a compound of formula 
(I) or aprotected form thereof; 
(vi) where the conqiound of formula (I) is obtained as a mixture of (R) and (S) 

20 enantiomers resolving the mixture to obtain the desir^ enantiomer. 



25 



CoixqK>unds of formula (I), ^-oxides, addition salts, quaternary amines and 
stereochemical isomeric forms thereof can be converted into further conqiounds 
according to the invention using procedures known in the art 
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It will be ^ptecialed by those skilled in the art Ibat in the processes described above 
the functional groxips of intennediate compounds may need to be blocked by protecting 
groups. 

Functional gioi:^, which it is desirable to protect, include hydroxy, amino and 
carboxylic add. Suitable protecting groups for hydroxy include trialkylsilyl groups 
(e.g, tot-butylditnediylsilyl, tert-butyldyhenylsilyl or trimefhylsilyl), benzyl and 
tetrahydropyranyl. Suitable protecting groups for amino include tot-butyloxycarbonyl 
or benzyloxycarbonyL Suitable protecting groups for carboxylic acid include C(i.e)alkyl 
or benzyl esters. 

The protection an.<l deprotection of fonctional groups may take place before or after a 
reaction step. 

Additionally, the I4-atonis in conq)ounds of formula (I) can be methylated by art- 
known methods using CH3-I in a suitable solvent such as, for example 2-prqpanone, 
tetrahydro&ran or dimethylf ormamide. 

The compounds of formula (T) can also be converted into each other following art- 
known procedures of fonctional group transformation of which some examples are 
mentioned hereinafter. 

The compounds of formula Q) may also be converted to the corresponding iST-oxide 
forms following axt-known procedures for converting a trivalent nitrogen into its 
JV-oxide form. SaidJVk>xidationreactionmay generally be carried out by reacting the 
starting material of formula (£) with 3-phenyl-2-(phenylsulfonyl)oxaziridine or with an 
appropriate organic or inorgamc peroxide. Appropriate inorganic peroxide conq)rise, 
for example, hydrogen peroxide, alkali metal or earth alkaline metal peroxides, e.g. 
sodium peroxide, potassium i>eroxide; appropriate organic peroxides may corqxrise 
peioxy acids sadx as, for example, benzenecarbopeioxoic acid or halo substituted 
benzenecarboperoxoic acid, e.g. 3-chlorobenzenecarbpperoxoic acid, peroxoalkanoic 
acids, e.g. peroxoacetic add, alkylhydrpperoxides, e.g. t-butyl hydroperoxide. Suitable 
solvents are, for exan:q>le, water, lower alkanols, e.g. elhanol and the like, hydro- 
caxbons, e.g. toluene, ketones, e.g. 2-butanone, halogenaled hydrocarbons, e.g. 
dichloromethane, and mixtures of such solvents. 
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Puie stereochemically isomeric forms of the compoimds of fomiula (I) may be obtained 
by Hie application of art-knowa procedures. Diastereomers may be separated by 
physical methods such as selective crystallization and chromatographic techniques, e.g. 
counter-current distribution, liquid chiomatogr^hy and the like. 

5 

Some of the conqiounds of formula Q) and some of the intermediates in the present in- 
vention rmy contain an asymmetric carbon atom. Pure stereochemically isomeric 
forms of said compounds and said intermediates can be obtained by the application of 
art-known procedmes. For examqple, diasteieoisomers can be separated by physical 

10 methods such as selective crystallization or chromatogr^hic techniques, e.g. counter 
current distribution, liquid chromatography and the like methods. Enantiomers can be 
obtained from racemic mixtures by first converting said racemic mixtures with suitable 
resolving agents sudi as, &r example, chiral adds, to mixtures of diastereomeric salts 
or con^unds; then physically separating said mixtures of diastereomeric salts or 

15 compounds by, fat example, selective crystallization or chromatogr^hic techniques, 
e.g. liquid chiomatogrs^hy and the like methods; and finally converting said separated 
diastereomeric salts or compounds into the corresponding enantiomers. Pure 
stereochemically isomeric forms may also be obtained from the pure stereochemically 
isomeric forms of the appropriate intermediates and starting materials, provided that the 

20 intervening reactions occur steieospecifically. 



An alternative manner of separating the enantiomeric fimns of the conqK>unds of 
formula (Q and intermediates involves liquid chromatography, in particular liquid 
chromatography using a diiral stationary phase. 

25 

Some of the intermediates and starting materials as used in the reaction procedures 
mentioned hereinabove are known compounds and may be commercially available or 
may be prepaied according to art-known procedures. However, in the synthesis of the 
con^iounds of formula (I), the present invention further provides the intermediates of 
30 formula (DD) 




an) 

the pharmaceutiLcally acceptable addition salts and the stereochemically isomeric forms 
th^ieo^ wherein 
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V lepnesents hydrogen or a protective group preferably selected from the group 

consisting of mefhylcarbonyl, t-butyl, methyl, ethyl, ben2yl or trialkylsilyl; 

Y represents -C3.9alkyl-, -Cs-palkenyl-, -Ci-salkyl-oxy-Ci-salkyl-, 

-Ci.5alkyl-NR"-Ci.5alkyl-, -C^alkyl-m^'^^D-Ci-salkyK 

-Ci-salkyl-CO-NR^^^walkyl-, ^i^alkyl-CO-NH-, -Cwallqrl-NH-CO-, 

-Ci-7allqrl-CX3-, C«alkyl-CX)-Ci^aIkyl; 
represents a direct bond, O, -O-Ci-aalkyI-, CO, -CO- Ci-aalkyi-, NR^, 

-NR^.Ci-2alkyl-, -CH2-, -0-N=CH- or Ci.aalkyi; 
represents hydrogen, cyano, halo, hydroxy, formyl, Ci^alkoxy-, Ci^alkyl-, 

Ci^alkoxy- substituted with halo, 

Ci^alkyl substituted with one or where possible two or more substituents selected 
fiom hydroxy or halo; and 
represents hydrogen, cyano, halo, hydroxy, hydroxycarbonyl-, Het^^-carbonyl-, 
Ci^alkyloxycarbonyl-, Ci.4alkylcarbonyl-, aminocarbonyl-, mono-or 
di(Ci^(a]kyl)an]inocarbonyl-, Het^ foimyl, Ci^alkyl-, C^.6alkynyl-, Ca-ecycloalkyl-, 
Ca^cycloalkyloxy-, Ci^alkoxy-, Ar^, Ar^-oxy-, dihydroxybc»ane , 
Ci^alkoxy- substituted with halo, 

Ci^alkyl substituted with one or where possible two or more substituents selected 

fiom halo, hydroxy or NR^^ 
Ci^allcylcarbonyl- wherein said Ci^alkyl is optionally substituted with one or 

where possible two or more substituents selected irom hydroxy or 

Ci-4aBkyl-oxy-; 

R^ and R^ are each independently selected from hydrogen or Ci^alkyl; 

R^^ represents hydrogen, Ci^allgrl, Ci^alkyl-oxy-carbonyl-, Het^"^, Het^^-Ci^alkyl-, 
CMalkenylcafbonyl- optionally substituted witii Het^^-Ci-4alkylaminocarbonyl-, 
QMalkenylsulfenyl-, Ci^alkyloxyCi^ialkyl- or phenyl optionally substituted with 
one or where possible two or more substituents selected fix>m hydrogen, hydroxy, 
amino or Ci^alkyloxy-; 

R^^ represents hydrogen, Cwallgrl, Het*^, Het^^-Ci.4allqrl- or phenyl optionally 
substituted with one or where possible two or more substituents selected fiom 
hydrogen, hydroxy, amino or Ci^alkyloxy-; 

R^^ and R^^ are each independentiy selected from hydrpg^ Ci^alkyl, Het^^-Ci.4alkyl- 
or Ci.4alkyloxyCi^alkyl-; 

Het^ represents a heterocycle selected from pqjeridinyl, morpholinyl, piperazinyl, 
furanyl, pyrazolyl, dioxolanyl, thiazolyl, oxazolyl, imidazolyl, isoxazolyl, 
oxadiazolyl, pyddinyl or pyrrolidinyl wherein said Het^ is optionally substituted 
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amino, Ci^alkyl, hydroxy-Ci-4alkyl-, phenyl, phenyl-Ci^alkyl-, 
Ci-4alkyl-oxy-CMalkyl-. mono- or di(Ci^alkyl)ammo- or amino-carbonyl-; 

Het" represent a het^ocycle selected from pyrrolidinyl or piperidinyl wherein said 
heterocycle is optionally substituted with one or where possible two or no^ore 
substitaents selected fiom Ci^all^l, Ca^cycloalkyl, hydn>xy-Ci-4al]kyl-, 
Ci^alkyloxyCi^ialkyl or polyhydioxy-Ci^alkyl-; 

Het^^ represent a heterocycle selected from moipholinyl, pyrrolidinyl, piperazmyl or 
piperidmyl wherein said heterocycle is optionally substituted with one or where 
possible two or more substituents selected from Ci^alkyl, Ca-ecycloalkyl, 
hydroxy-Ci.4allkyl-, Ci-4alkyloxyCi-4alkyl or polyhydroxy-Ci-^alkyl-; 

Het^^ represent a heterocycle selected from morpholinyl, pyrrolidinyl, pipeiazinyl or 
piperidinyl wherein said heterocycle is optionally substituted vnSi one or where 
possible two or more substituents selected from Ci^alkyl, Ca^cycloalkyl, 
hydroxy-Ci^all^l-, Ci.4aUcyloxyCi^a]kyl or polyhydroxy-Ci^alkyl-; 

Het^^ represent a heterocycle selected from morpholinyl, pyrrolidinyl, pq^erazinyl, 
1,3,2-dioxaborolane or piperidinyl wherein said heterocycle is optionally 
substituted with one or more substituents selected from Ci^alkyl; and 

Het^^ represent a heterocycle selected flx>m pyrrolidinyl or piperidinyl wherein said 
heterocycle is optionally substituted with one or where possible two or more 
substituents selected from Cx^alkyl, Ca-ecycloallsyl, hydtoxy-Ci-4alkyl-, Ci- 
4alkyloxyCi^a]lcyl orpolyhydroxy-Ci^alkyl-; 

Het^^ andHet^^ each independently represent a heterocycle selected from morpholinyl, 
pyrrolidinyl, piperazinyl or piperidinyl wherein said Het^^ and Het^ are optionally 
substituted with one or w!here possible two or more substituents selected frx>m 
Ci^alkyl, C3-6cycloalkyl, bydroxy-Q^talkyl-, Ci^alkyloxyCi^alkyl or 
polyhydroxy-Ci^alkyl-; 

Ar\ Ar^, Ar^, Ar"^ and Ar^ eacli independentiy rqnresent phenyl optionally substituted 
with cyano, Ci^alkylsul&myl-, Ci^alkylsulfonylamino-, aminosulfonylamino-, 
hydroxy-Ci^ianqrl, aminasulfonyl-, hydroxy-, Ci^aDcyloxy- or Ci.4alkyL 

In particular tiie intermediates of fr>rmula QJI) wherein one or more of tiie following 
restrictions sppiyi 

i) Y represents -Cs.9aDcyl-, -d-salkyl-oxy-Ci-saliyl-, -Ci-salkyl-NR^^-Ci-saHqrl-, 
-Ci-^alkyl-NH-CO-; 

11) represents a direct boiad, O, -O-Ci-ialkyl-, NR^, -NR^-Ci-2alkyl-, -CH2-, 

-0-N=CH- or Ci.2alkyl; 
iii) represents hydrogen, cyano, halo or hydroxy, preferably halo; 
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iv) xeptesents hydrogen, cyano, halo, hydroxy, hydroxycarbonyl-, 
Ci^alkyloxycarbonyl-, Het^^-caibonyl-, Ci-^alkyl-, C2^alkynyl-, Ar^ orHet^; 
In a further embodiment represents hydrogen, cyano, halo, hydroxy, 
Qs^alkynyl- or Het^; in particular R^ represents hydrogen, cyano, halo, hydroxy, or 

5 Ar^; 

v) R^^ represents hydrog^ Ci^alkyl, or Ci^alkyloxycarbonyl; 

vi) R^^ represents Het^'^-Ci^alkyl, in particular mQ]pholinyl-Ci.4allcyl; 

vii) Het^ represents thiazolyl optionally substituted with amino, Ci^alkyl, 
hydroxy-Ci^alkyl-, phenyl, phenyl-Ci^alkyl-, Ci^alkyl-oxy-Ci-4alkyl-, mono- or 

10 di(Ci^4aIlyl)amino- or amino-carbonyl-; 

viii) Het^^ represents a heterocycle selected from piperidinyl or pyrrolidinyL 

It is also an object of the present invention to provide the use of an intermediate of 
formula (QI) in the synthesis of a macrocyclic kinase inhibitor such as for example 
15 compound of formula (I). 

The compounds of fr)rmula (I) and the intermediates of formula (XXXI) of the present 
invention are useftd because they possess pharmacological properties. They can 
therefore be used as medicines. 



20 

Accoidingly, in a fat&xer aspect fhis invention concerns the intennediates of fimnola 
(XXXI) 

^OH HO^ 

\ HN' ^^R" 

(XXXI) 

the N-oxide forms, the phaimaceutically acceptable addition salts and tiie 
25 stereochemically isomeric forms thereof wherein 

a^-a^=na^-a'* represents a divalent radical selected from N-CTNCH-CH or N-CHNN-CH; 
Y represents -Cs-pallgrl-, -Ci-salkyl-NR^-Q-salkyl-, -Ci-^alkyl-NH-CO- or 

-CO-NH-Ci.6aliyl-; 
R^ represents iQrdrogen or halo; 
30 R^ represents hydrogen, cyano, halo, hydroxycarbonyl-, Ci.4alkyloxycarbonyl-, 
Het^^-carbonyl- or Ar^; 
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xepiesents hydroxy, Ci-4alkyloxy-, Ar'^-Ci^alkyloxy or R"* represents Ci^alkyloxy 
substituted with one or where possible two or more substituents selected £rom 
Ci-4alkyloxy- orHet^-; 
R^^ represents hydrogen; 
5 R^^ represents Het^'^-Ci.4a]]cyl, in particular morpholinyl-Ci.4aLkyl; 

Het^ repiesents a heterocycle selected ftoxn moipholinyl, piperazinyl, piperidinyl or 
pytiolidinyl wherein said Het^ is optionally substituted with one or where possible 
two or more substituents selected from hydroxy, amino or Ci^alkyl-; 
In a ftirther embodiment Het^ represents a heterocycle selected £rom morpholinyl 
10 or piperidinyl optionally substituted ^th Ci.4alkyl-, preferably methyl; 

Het^^ represents morpholinyl; 

Het^^ represents a het^c^cle selected from morpholinyl or pyrrolidinyl; 
Ar^ represents phenyl; 

Ar^ represents phenyl optionally substituted with cyano; as well as the use of an 
IS intermediate of formula (XXXI) in fhe ^thesis of a macrocyclic kinase inhibitor 

such as for exan^le fhe conq>ounds of formula (I). 

As described in the experimental part hereinafter, the growth inhibitory effect and anti- 
tumour activity of the present compounds and some of the intermediates has been 
20 demonstrated in vitro, in enzymatic assays on the receptor tyrosine kinase BGFR Jn an 
alt^native assay, Hie growth inhibitory efEect of the conipounds was tested on the 
ovarian carcinoma cell line SKOV3- using art known q^toxicity assays such as 
LIVE/DEAD CM[olecu]ar Probes) or MTX. 

25 Accordingly, the present invention provides the con:q)Ounds of formula (I) and Ihe 
intermediate of formula (XXXT) and their pharmaceutically acceptable iV^oxides, 
addition salts, quaternary amines and stereochemically isomeric forms for use in 
tiierapy. More particular in the treatment or prevention of cell prolifemtion mediated 
diseases. The confounds of formula (Q, the intermediates of formula (XXXI) and their 

30 pharmaceutically acceptable JST-oxides, addition salts, quatemaiy anunes and the 
sta:eochemica]ly isomeric forms may hereinafter be referred to as compounds 
according to the invention. 

Disorders for which the confounds according to the invention are particularly usefol 
35 are atherosclerosis, restenosis, cancer and diabetic complications e.g. retinqpatiiy. 
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In view of the utility of the compounds according to the invention, there is provided a 
method of treating a ceU proliferative disorder such as atherosclerosis, restenosis and 
cancer, the meHiod comprising administering to an animal in need of such treatment, 
fiir example, a mammal including humaxis, suffering from a cell proliferative disorder, 
5 a fh6Fq)eutically effective amount of a compound according to tiie present invention. 

Said method conqnising the systemic or topical administration of an effective amount 
of a compound according to the invention, to animals, including humans. One skilled 
in the art will recognize that a therapeutically effective amount of the EGFR inhibitors 

10 of the pr^ent invention is the amount sufficient to induce the growth inhibitory effect 
and that this amount varies inter alia^ depending on the size, the type of the neoplasia, 
the concentration of the compound ia the therapeutic formulation, and the condition of 
the patient Generally, an amount ofEOI^ inhibitor to be admiiiistered as a 
then^eutic agent for treating cell proliferative disorder such as atherosclerosis, 

15 restenosis and cancer, will be determined on a case by case by an attending physician. 

Generally, a suitable dose is one that results in a concentration of the EGFR inhibitor at 
flie treatment site in the range of 0.5 nM to 200 jiM, and more usually 5 nM to 10 |xM, 
To obtain tiiese treatment concentrations, a patient in need of treatment likely will be 

20 administered between 0.01 mg/kg to 30O mg^ body weight, in particular from 10 
mg/kg to 100 mg/kg body wei^t As noted above, tiie above amounts may vary on a 
case-by-case basis. In these methods of treatment the conq>ounds according to the 
invention are preferably formulated prior to admission. As described herein below, 
suitable pharmaceutical fomiulations are prepared by known procedures using well 

25 known and readily available ingredients . 

Due to their high degree of selectivity as EGFR inhibitors, the compounds of 
formula (I) and the intermediates of formula (XXXT) as defined above, are also useful 
to mark or identify the kinase domain within the receptor tyrosine kinase receptors. To 

30 this purpose, the compounds of the present invention can be labelled, in particular by 
replacing^ partially or completely, one or more atoms in the molecule by thdr 
radioactive isotopes. Exanqil^ of interesting labelled compounds are those con:q)Ounds 
having at least one halo which is a radioactive isotope of iodine, bromine or fluorine; or 
those compounds having at least one ^ ^ C-atom or tritium atomu 

35 One particular groiq) consists of those compounds of formula (I) and intermediates 
of formula (XXXl^ wherein r1 is a radioactive halogen atom. In principle, any 
compound according to the invention containing a halogen atom is prone for 
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radiolabelling by replacing the halogen atom by a suitable isotopa Suitable halogen 
radioisotopes to this purpose are radioactive iodides, e.g. ^^I, ^^I, ^^^I; radioactive 
bromides, e.g. ^^r, ^^Br, '"Br and ^Br, and radioactive fluorides, e.g. ^^F. The 
introduction of a radioactive halogen atom can. be petfomied by a suitable exchange 
5 reaction or by using any one of the procedures as described hereinabove to prepare 
halogen derivatives of formula (I). 

Another interesting form of radiolabelling is by substituting a carbon atom by a 
"C-atom or the substitution of a hydrogen atom Tyy a tritium atom. 

Hence, said radiolabelled compounds according to the invention can be used in a 
process of specifically marking receptor sites in biological material. Said process 
comprises the steps of (a) radiolabelling a compound according to the invention, (b) 
administering this radiolabelled compound to biological material and subsequent^ (c) 
detecting the emissions from the radiolabelled compound. 

The term biological material is meant to coniiprise eveiy kind of material whicb has 
a biological origin. More in particular this term refers to tissue san^iles, plasma or 
body fluids but also to animals, specially waxm-blooded animals, or parts of animals 
such as organs. 

When used in in vivo assays, the radiolabelled coinpounds are administered in an 
appropriate composition to an animal and tiie location of said radiolabelled compounds 
is detected using imaging technique, such as, for instance. Single Photon Emission 
Computerized Tomogr^hy (SPECT) or Positron Emission Tomography (PET) and the 
lite. In tiiis xbanner tiie distribution of the particular receptor sites throughout bie body 
can be detected andoigans containing said receptor sites can be visualized by the 
imaging techniques mentioned hereinabove. This process of imaging an organ by 
administering a radiolabelled compound of formula (I) and detecting the emissions 
from the radioactive compound also constitutes a part of the jxresent invention. 

In yet a further aspect, the present invention provides the use of the compounds 
according to the invention in the manufacture of amedicament for treating any of the 
aforementioned cell proliferative disorders or indications. 

The amount of a compound according to the present invention, also referred to here as 
the active ingredient, which is required to achieve a ther^eutical effect will be, of 
course, vary with the particular compound, the route of administration, the age and 
condition of the reorient, and the particular disorder or disease being treated. A 
suitable daily dose would be fix)m 0.01 mg/kg to 300 mg/kg body weight, in particular 
from 10 mg/kg to 100 mg/kg bo^ weight A method of treatment may also include 
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admmistering tbe active ingredient on a regimen of between one and four intakes per 
day. 

While it is possible for the active ingtedient to be adnoinisteied alone, it is ptefaiable to 
5 present it as a pharmaceutical conxposition. Accordingly, the present invention &rther 
provides a pharmaceutical composition comprising a compound according to the 
present invCTtion, together with a pharmaceutically acceptable carrier or diluent The 
carrier or diluent must be "acceptable'' in the sense of being compatible with the other 
ingredients of the composition and not deleterious to the recipients thereof 

10 

The phaixnaceutical compositions of this invention may be prepared by any methods 
well known in the art of pharmacy, for example, using methods such as those described 
in Gennaro et al. Remington's Pharmaceutical Sciences (1^ ed. Mack Publishing 
Conqmny, 1990, see especially Part 8 : Fhaimaceutical preparations and fheir 

15 Manufacture). A therapeutically efifective amount of the particular compound, in base 
form or addition salt form, as the active ingredient is combined in intimate admixture 
with a pharmaceutically acceptable carrier, which may take a wide variety of forms 
depending on the form of preparation desired for administration. These pharmaceutical 
compositions are desirably in unitary dosage fomi suitable, preferably, for systemic 

20 administration such as oral, percutaneous or parenteral administration; or topical 
administration such as via iiihalation, a nose spray, eye drops or via a cream, gel, 
shainpoo or the like. For example, in preparing the coxnpositions in oral'dosage form, 
any of the usual pharmaceutical media may be enoployed, such as, for exaxnple, water, 
glycols, oils, alcohols and the like in the case of oral liquid preparations such as 

25 suspensions, syrups, elixirs and solutions: or solid carriers such as starches, sugars, 
kaolin, lubricants, binders, disintegrating agents and the like in the case of powders, 
pills, c^sules and tablets. Because of their ease in adxninistmtion, tablets and capsules 
represent the most advantageous oral dosage unit form, in which case solid pharma- 
ceutical carriers are obviously en^loyed. For parmteral compositions, the carrier will 

30 usually comprise sterile water, at least in large part, though other ingredients, for 

example, to aid solubility, may be included. Injectable solutions, fi>r example, may be 
prepared in which the carrier comprises saline solution, glucose solution or a mixture of 
saline and glucose solution. Injectable suspensions may also be inrepared in which case 
appropriate liquid carriers, suspending agents and the like may be employed In the 

35 compositions suitable for percutaneous administratioir, the carrier optionally comprises 
a penetration enhancing agent and/or a suitable wettable agent, optionally combined 
with suitable additives of any nature in minor proportions, which additives do not cause 
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any significant deleterious effects on the skin. Said additives may facilitate the 
administration to the skin and/or may be helpfid for preparing the desired compositions. 
These compositions may be administered in various ways, e.g., as a transdermal patch, 
as a spot-on or as an ointment 

It is especially advantageous to jEbrmulate the aforementioned pharmaceutical 
compositions in dosage unit fomi for ease of administration and uniformity of dosage. 
Dosage unit form as used in the specification and claims herein refers to physically 
discrete units suitable as unitary dosages, each unit containing a predetermined quantity 
of active ingredient calculated to produce the desired ther^eutic elffect in association 
with Ihe required pharmaceutical carrier. Examples of such dosage unit forms are 
tablets (including scored or coated tablets), capsules, pills, powder packets, wafers, 
injectable solutions or suspensions, teaspoonfbls, tablesfpoonflds and Ifae like, and 
segregated multiples thereof 

Experimental part 

Hereinafter, the term *ADDP' means l,r-(azodicarbonyl)bis- piperidine, 'DMF' means 
J^.iV-dimethylformamide, 'THF' means tetrahydrofuran, '"DMSO" means dimethyl 
sulfoxide 

A. Preparation of the intermediates • 
Ryam ple Al 

a) Preparation of phenol, 4-cUoro-2-[(6-cUoropyrido[3,2-d]iqrrimidm-4- 
yl)amino]- (intermediate 1) 

A mixture of 4,6-dichloro- pyrido[3,2-d]pyriinidiiie (0.00255 mol) and 4-chloro-2- 
aminophenol (0.00446 mol) in isoprqpanol (30 ml) was stirred at 50**C for 2h30, then 
brought to room tenqierature and evirated to dryness. The residue was taken up in 
elher, filtered and dried, yielding Ig (100%) of intermediate 1. 

b) Preparation of phenol, 4-cUoro-2-[[6-[(6-hydroxyhe?cyl)ainino]pyrido[3,2- 
d]pyrinMdin-4-yl]aniino]- (intermediate 2) 

A mixture of intermediate 1 (0.00255 mol) and 6-amino-l-hexanol (0.0255 mol) was 
stirred at 100°C for 3 hours, then brought to mom temperatuie. The residue was 
purified by chromatography over silica gel (eluent: DCM/MeOHTNHUOH 97/3/0.1; 70- 
200tun), yielding 0.71g (72%) of intermediate 2, melting point 260''C. 
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Fyample A 9 

Pi^aration of phenol, 4-chlQro-2-[[6-[(4-hydroxyl3i]tyl)atnino]pyri^ 
<flpyriiiudm-4-yl]ammo]- (intermediate 3) 

A mixture of intermediate 1 (0.0013 mol) and 4-aniino- 1 -butanol (0.026 mol) was 
stirred at 100°C for 4 hours, then brought to room temperature and hydrolyzed a 
5 saturated solution of sodium chloride. The mixture was extracted by DCM, decanted, 
dried over MgS04, filtered, and the solvent was evEcporated till dryness. The residue 
(O.Sg) was purified by column chromatography over silica gel 
(ehienfcDCMMeOH/NH40H 95/5/0.1; 70-200}im), The residue (81mg, 17%) was 
crystallized fix>m acetonitrile and diethyl ether. The prec^itate was filtered off and 
10 dried, yieldmg 69mg (15%) of intermediate 3, melling point 227^C. 

Example A3 

Preparation of phenol, 4H5Woro-2-[[6-[(5-hydroxypentyl)amino]pyrido[3,2- 
d]pyiimidin-4-yl]amino]- (intermediate 4) 

A mixtuxe of intermediate 1 (0.0013 mol) and 5-aiaino-l-pentanol (0.0195 mol) was 
stined at 1 OO^C for 4 hours, flien brought to room temperature and hydrolyzed a 
saturated of sodium chloride. The mixture was extiax^ted by DCM, decanted and dried 
15 over MgS04, filtered, and the solvent was evaporated till dryness.The residue (0.45g) 
was purified by column chromatography over silica gel (eluent DCM/MeOH/NHtOH - 
95/5/0.1; 70-200^m). The residue (66mg, 14%) was crystallized fi-om acetonitrile and 
diethyl ether. The precipitate was filtered off and dried, yielding 59mg (12%) of 
intermediate 4, melting point 240°C. 

20 

Example A4 

a) Preparation of phenol, 4-cUoro-2-[[6-(meftylthio)pyriimdo[5,4-Jlpyriinidin-4- 
yljamino]- intermediate 5) 

A mixture of 8-chloro-2-(mefhylthio)- pyrimido[5,4— djpyrimidine (0.0047 mol) and 2- 
amino-4-chlorophenol (0.0094 mol) in dioxane (5 tol) was stirred at SO^'C for 1 hour, 
then cooled to room temperature, the precipitate was filtered ofi^ washed wifh water 
25 and then with diethyl ether and dried in vacuo, yielding l,2g (80%) of intermediate 5. 

b) Preparation of phenol, 4-cUoro-2-[[6-[(6-hydro3cyhexyI)amino]pyriimdo[5,4- 
d]pyrimidin-4-yl]amino]- intermediate 6) 

A mixture of intermediate 1 (0.00172 mol) in 6-amixio-l-hexanol (0.0022 mol) was 
melt at 100°C after 8 hours. The residue was purified by column chromatogrq>hy over 
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silica gel (eluent CH2O2/CH3OH/NH4OH 97/3/0.1; 35-70jim) yielding 0.170g of 
solid. Ether was added The solid was filtered off and dried in vacuo, yielding 135mg 
(20%) of intennediate (Q. 

a) Prepaiation of pyrido[3,2-d]pyrinudme, 4,6-dichloro- (intermediate 7) 

DMF (3 drops) was added to a mixture of 6-cliloro-pyrido[3,2-d]pyriimdin-4(lH)-one 
[171 178-33-9] (0.00275 mol) and tihionyl chloride (0.179 mol). The reaction mixtuie 
was stinred and lefluxed (at SO^^Q for 90 minutes. The solvent was evaporated. Some 
10 dichloromefliane was added and the solvit was evaporated. The residue was dissolved 
in dicUoromethane. The organic solution was washed with a saturated aqueous K2CO3 
solution, then dried (MgS04), filtered and the solvent was evaporated, yielding 0.49g 
(89%) of intermediate (7). (HPLC: 85% P). 

15 

h) Preparation of 4-[2-(6-a]loro-pyrido[3,2-d]pyriinidin-4-ylainin 
hutyric acid ethyl ester (intermediate 8) 

Intermediate (7) (0.00245 mol) was dissolved in 2-propanol (20 ml) (not very soluble). 
4-(2-AminGphenQxy)butanoic acid ethyl ^er (0.00416 mol) was added, followed by 
addition of iS^iNTsUefhylelfaaxiamine (0.00490 mol). The reaction miicture was stkced 
20 and refluxed overnight Then,thereactionnibdiire was cooled to room temperature 
and the solvent was evapomted The residue was taken tq> into diethyl ether. The 
precipitate was filtered off and dried (pump), yielding 1.48 g of fiaction (1) (greenish 
solid, 92% P by HPLC-MS; presence of some starting material B). This fitaction (1) 
was purified as described below. 

25 

The reaction was repeated. 

Intermediate (7) (0.0055 mol) was dissolved in 2-prppanol (40 ml) (not very soluble). 
4-(2-Aminophenoxy)butanoic acid, etibyl ester (0,00935 mol) was added, followed by 
addition of JNT-diethylethanamine (0.01 10 mol). The reaction mixture was stured and 

30 refluxed overnight Then, the reaction mixture was cooled to room teirQ>erature and tiie 
solvent was ev^orated The residue was combined with fi-action (1) and subjected to 
flash column chromatography over silica gel (eluent: n-hexane/EtOAc 3/1). The 
product fiactions were collected and the solvent was evs^KXtated, yielding 3.04g of 
intermediate (8)(g[eenish solid in quantitative yield, used in next reaction step witiiout 

35 further purification). 
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c) Preparation of 4-{2-[6-(3-tert-Butoxyca]bonylamino-pn>pylaxnm 

d] pyrimid]n-4-ylanuno]-plienox^} -butyric add 
ethyl ester (intomediate 9) 

Ihtemiediate (8) (0.00026 mol) and (3«-aminopropyl)carbamic acid 1,1-dimefliylethyl 
ester (0.00288 mol) were mfaced for 3 hours at lOO^'C in a closed reactor, yielding 
5 fiaction (1) (57% P by HPLC + 35% of the amide). 

This fiaction (1) was purified as described below. 

The reaction was repeated 

10 Intermediate (8) (0.00026 mol) and (3-aminopropyl)carbamic acid 1,1-dimethylethyl 
ester (0.00288 mol) were mixed for 2.5 hours at lOO^'C in an open reaction flask (not in 
a closed reactor as described above). The mixture was combined witii fi:action (1). 
Purified by flash column chiomatogr^hy over silica gel (eluent : n-hexane/BtOAc 
3/1). The product fixictions were collected and the solvent was ev^orated, yielding 

15 intermediate (9) (EIPLC: 92% P). 

d) Preparation of 4-{2-[6-(3-Amino-propylamino)-pyrido[3,2-d]pyriniidin-4- 
ylamino]-phenoxy} -butyric acid ethyl ester (intermediate lO) 

Jhtermediate (9) ( (0.00019 mol) was dissolved in dichloromethane (4.00 ml). 
Trifluoroacetic acid (0.05192 mol) was added and the reactian mixture was stirred for 2 
20 hours at room temperature. The solvent and reniaining acid were evaporated in the 
rotary evaporator. The resultant residue (oil) was dried Oug^-vacuum pump), yielding 
intermediate (10) (HPLC: 93% P; quantitative yield; used in next reaction step, without 
flirther purification). 

e) Preparation of 4-{2-[6-(3-Amino-pTopylarruno)-pyrido[3^-d]pyrinu 
ylaminol-phenoxy} -butyric acid (intermediate 1 1) 

25 Intennediate (10) (0.00019 mol; 1 equiv) was dissolved isx tetxahydofuran (8.00 ml). 
Water (1.00 ml)was added. Lithium iQrdroxide monohydnate (0.0019 mol) was added 
asasolid. MoreLifhiumhydroxidemonohydrate was added until a basic pH was 
reached (until then it was acidic because of CF3COOH remaixiders). The reaction 
mixture was stirred for 2 days at 65^C. The solvent was evaporated in the rotary 

30 evaporator, yielding intermediate (1 1).(BDPLC: 78% P; quantitative yield; used in next 
reaction step, without further purification). 
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Example A6 

a) Pr^aration of 4-cUoro-6-fluon)-pyrido[3,4-<5te)yrin3id^ (intennediate 12) 
DMF (5 drops) was added to a mixture of 6-nuoio-3H-pyrido[3,4-d]py^^ 
(0,00605 mol) and fhionyl chloride (0.39 mol). The reaction mixture was stirred and 
refluxed (at SO^'C) for 7 hours. The solvent was evaporated, yielding 1 .254 g of 

5 intennediate (12) (injure quantitative yield; used in next reaction step, without further 
purification). 

b) Fteparation of 4-[2-(6-Fhioro-pyrido[3,4-(gpyiimidm-4-ylani^ 
butyric acid ethyl ester (intennediate 13) 

Xntennediate (12) (0.00605 mol) was dissolved in 2-propanol C40 ml). 4-(2- 
aininopheno5jy)-butanoic acid, ethyl ester [1 12290-16-1] .hydrochloride (0.01028 mol) 

10 was added, followed by addition of JN^JST-diethylethanamine (0.01210 mol). The 

reaction mixture was stirred and refiuxed overnight Thai, the reaction mixture was 
cooled to room temperature and the solvent was evaporated. The residue was purified 
by flash column chromatography over silica gel (eluent : n-hexane/BtOAc 3/1). The 
product fractions were collected and the solvent was evaporated, yielding 0.922 g of 

15 intermediate (13) (41% yield over two steps; yellowish solid; 97% P by HPLC), 

c) Preparation of 4-{2-[6-(3-tert-Butoxycarbonylamino-propylainino)-pyrido[3,4- 

d) pyrimidin-4-ylamino]-phenoxy} -butyric acid ethyl ester 0»termediate 14) 
Intermediate (13) (0.00027 mol) was dissolved in DMSO (q.sO» in a reactor. (3- 
Aminopn>pyl)carbamic acid 1,1-dimethylethyl ester [75178-96-0](0.07 ml) and JV^- 
etliyl-J\r-(l-mefliylefliyQ-2-propanamine [7087-68-5] (0.10 ml) were added. The 

20 reactor was closed and the mixture was heated for 7 days at SO'^C. Thereaction 
mixture was poured out into water and tibe product was extcactsed three times with 
dichloromethane. The combined organic layers were dried (MgS04), filtered and the 
solvent was evs^Kuated, yielding fiaction 1 of intennediate (14). 

25 Two other fiactions of Intermediate 14 were prepared as foUows : 

Intennediate (13) (0.00027 mol) and (3-aminqpropyl)carbamic acid 1,1-dimelfaylethyl 
ester [75178-96-0] (0.00299 mol) were mixed m a (closed) reactor and heated at lOO^'C 
for 3 hours, yielding fraction 2 of intennediate (14). 
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Inteimediate (13) (0.00008 mol) and (3-anunopropyl)carbaimc acid 1,1-dimethylethyl 
ester [75178-96-0] (0.0009 mol) were mixed in an open reaction flask and heated at 
SO^C for 3 days, yielding fraction 3 of intermediate (14) 

5 Fraction 1, 2 and 3 of intermediate 14 were combined and purified by flash column 
chromatography over silica g&l. 

Intermediate 14 was also prepared as follows : 
Intermediate (13) (0,00027 mol) was dissolved in DMF (3 ml). (3- 
10 Aminopropyl)carbamic acid 1,1-dimefliylethyl ester [75178-96-0] (0.00040 mol) and 
cesium carbonate (0.00135 mol) were added and the reaction mijcture was stirred for 4 
hours at lOO^C, then overnight at 1 IS^C. Excess of cesium carbonate was removed by 
filtration. The filtrate was ev^orated, yielding intermediate (14-). 

d) Preparation of 4-{2-[6-(3-Amino-prqpylamino)-pyrido[3,4Hl]pyrinaid^ 
ylamino]-phenoxy} -butyric acid ethyl ester (intermediate 15) 

15 Intermediate (14) (0.00055 mol) was dissolved in dichloromefhane (1 1.00 ml), 

Trifluoroacetic acid (0.143 mol) was added and the reaction mixrture was stirred for 2 
hours at room temperature. The solvent and remaining acid were evaporated in the 
rotary evapomtor. The resultant residue (oil) was dried (high-vacuum pump), yielding 
intermediate (15) (HPLC: 91% P; quantitative yield; used in n&xt reaction step, without 

20 further purification). 

e) Preparation of 4-{2-[6-(3-Amino-pix>pylaznino)-pyrido[3,4-d]pyrinud^ 
ylamino]-phenoxy} -butyric acid (intermediate 16) 

Intermediate (15) (0.00055 mol) was dissolved in tetrahydro&raxt (16.00 ml). Water 
(2.00 ml) was added Lithium hydroxide.monohydrate (0.0055 mol) was added as a 
solid. More lithium hydroxide jnonohydrate was added until a basic pH was reached 
25 (untillfaenit was acidic because of CF3COOH remainders). The reaction noixture was 
stirred ovemigiht at 65°C. The solvent was evaporated in the rotary evs^orator, 
yielding intermediate (16) (HPLC: 88% P; quantitative yield; used in next reaction step, 
without furth^ purification). 



30 Example A7 

a) Preparation of Allyl-(4-cUoro-5-fluQn>-2-iutro-beiizyl)-metfayl-amine 
(intermediate 17) 
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N-mefhyl-2-propen-l -amine (1.1 ^juiv) was added to a solution of 4-chloro-5-fluoro-2- 
nitrD-benzaldehyde (1 equiv) in 1^-dichloroediatie (207 ml), then MgS04 (2 spoons) 
was added and the obtained solation was stirred for 2 hours at room temperature. 
NaBH(OAc)3 (3 equiv) was added in 5 portions (one portion per hour) and liie reaction 
5 mixture was washed with K2CX>3- After extraction with CH2CI2, the layers were 

separated. Theorganiclayer was dried over ^^S04, filtered and evaporated, ^o afford 
intermediate (17). 

b) Preparation of 2-[(A]lyl-met3iyl-amino)-metixyl]-S-cUoro-4-fluoro-phenylamine 
(mtermediate 18) 

A solution of the nitro derivative intermediate (17) (1 equiv) in a solution of H2O (120 
10 ml) and NH4CI (5 equiv) at room terriperature was dissolved in Toluene (1 20 mQ, then 
ixonpowder(S equiv) was slowly added and the reaction inixture was stirred and 
refluxed at lOS ^C. The obtained crude was purified by Flash Chromatogr^hy. The 
desired ixroduct firactions were collected and the solvent was ev^orated, to aSord 4.8 g 
of intermediate (18). 

15 

c) Preparation of {2-[(Allyl-methyl-arnino)-methyl]-5-chlQro-4-fluoro-pheayl}-(6- 
chloro-pyrido[3,2-d]pyrimidin-4-yl)-amine (intermediate 19) 

Triethylamine (3 equiv) was added to a solution of 4,6-dichloro-pyrido[3^- 
d]pyrimidme (1 equiv.) in acetoxiitrile (dried over AI2CO3) (9 ml). HCl evolved and the 
reaction mixture was purged wiffh N2 for 10 to IS minutes. Intermediate (1 8) ^was added 
(1.7 equiv.) and then the reactiooamixture was stirred and refluxed for 5 hours. After 

20 cooling to room temperature, a slightly yellow solid precipitated from the mixture. The 
product was collected and dried xmder high vacuum, to yield desired product. 
EtOAc was added to the mother layer and flien a white solid preciiritated. After 
filtration, the filtrate was concentrated and tiie obtained concentrate was purified by 
Flash chromatogr^hy over silica gel (eluent: Hexane/BtOAc 9/1). Tlie desired 

25 fiactions were collected and the solvent was evqiorated, to yield desired product 
Both fi-actions of desired product were collected, to yield 0.750 g intermediate (19). 

d) Preparation of JS^-AUyl-JV^--f 2-[(altyl-mefhyl-anMno)-mefliyl]-5-^oro-4^ 
phenyl} -pyrido[3,2-d]pyrirnidiiie-4,6-HHanMne ^termediate 20) 

A solution of intermediate (19) CI equiv) in 2-propenylamine (9.8 equiv) was heated 
overnight in a sealed tube at lOO ^C, then the resulting solution was concentrated and 
30 dried under high vacuum, to obtain 0.487 g (1 IS %) of a semi solid that was 
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tedissolved in CH2CI22. The solution was then filtered and the filtrate was conceoQtrated 
again, to afford 0.412 g (100 %) of intermediate (20). 

e) Preparation of 4,6-e11ianediylidenepyrimido[4,S- 
5 b][l A6,ll]benzotetraazacyclotetradecine,16-cUoro-lS-fliKm>-7,^^ 1,12,13,18- 

hexahydio-12-mefliyl-, (9E)- (intermediate 21) 
A mixture of intermediate (20) and Gxubbs's Catalyst second generation (0.2 equiv) in 
CH2Q2 (7 ml) was stirred and refluxed for 6 hom*s, Ihen the reaction mixture was 
stirred for 72 hours at room temperature and refluxed again. An extra amount of B (20 
10 %) was added and then the resulting mixture was stirred and refluxed again for 6 hours. 
Again extiaB (20 %) was added and the mixture was refluxed again overnight .After 
concCTdxation, the obtained residue was purified by Flash chromatography over silica 
gel (eluent: Acetate/Hexane 1/1). The desired fiaction were collected and the solvent 
was evaporated, to yield 0.02S g (38 %) of pure intermediate (21). 

15 

B. Preparation of the compounds 
Example Bl 

Preparation of 7i7,19^-4,6-etfaanediyUdenepyrimido[4,5-&][13,l,4,6^ 
triazacyclopentadecine, 17-chloro-8,9,10,ll,12,13-hexahydto- (compound 1) 
In two separate dropping funnels, a solution of tributylphosphine (0.00268 mol) in THF 
(20 ml) and a solution of ADDP (0.00155 mol) in THF (20 ml) were slowly 

20 simultaneously added to a solution of intermediate 2 (0,00103 mol) in THF (20 ml) and 
DMF (2 m) chilled at 0°C under an atmosphere of nitrogen. The reaction mixture was 
stirred for 4 hours at room temperature, poured out into a IN solution of aqueous 
hydrochloric acid and after 1 hour, the mixture was diluted with DCM. The precipitate 
was filtered of^ the organic phase was partitioned with a 10% aqueous solution of 

25 potassium carbonate, dried ^gS04) and concentrated in vacuo. The solid residue was 
sonicated in hot isopropanol, filtered of^ washed with dry ether and dried in vacuo, 
yielding 0.16g (44%) of con:q)ound (1). 

Example B2 

Preparation of 6,4-(nitrilometheno)pyTimido[4,5-6][l 3,1,4,6] 
benzoxatriazacyclopentadecine, 17-chloro-7,8,9,10,l 1,12,13,19-octahydro- 
(conq)ound 2) 

30 In two separate dropping finmels, a solution of ADDP (0.00102 mol) in TFD? (2 ml) and 
a solution of tributylphosphine (0.00177 mol) in THF (2 ml) were slowly 
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simultaneously added to a solution of intennediate 6 (0.000681 mol) in THF (10 ml) 
and DMF (1.4 ml), and stirred at room temperature for 18 hoiirs. Then, a solution of 
ADDP (0.000340 mol) in THF (0.7 mL) and a solution of tributylphosphine (0.000592 
moQ in TE3F (0.7 mL) simultaneously added at room temperature for 2 hours. The 
5 mixture was hydroly^ and the precipitate was filteied ofi^ wash with water then wiflr 
isopropanol and the diethyl ether, and dried in a^cuo, yielding 0.124g (49%) of 
compound (2), melting point >260^C. 

Example B3 

Preparation of 7^^1/M,6-ethanediylidenepyTimido[4,5-b][15,lA6,10 
tetcaazacycloheptadecin-12(13iFQ-one, 8,9,10,1 l,HlS-hexahydio- (compound 3) 
10 1 -|>is(dimethy]amino)me&ylene]-3-<>xide-lJ7-benzotriazoUu^ hexafluoco- 

phosphate(l-) [94790-37-1] (0,00057 mol) was dissolved in DMF (20 ml) and stined at 
room t^nperature. Intermediate (1 1) (0.00019 mol) was dissolved in DMF (10 ml) and 
JSr-ethyl-J\r-(l-methylethyl). 2-propanamine (0.001 14 mol) was added. This solution 
was added slowly over a 2 hours period to the first solution. The light-green solution 
15 was stirred overnight at room temperature. The solvent (DMF) was evaporated. The 
residue was purified by flash column chromatogr^hy, yielding compound (3). 



Compounds that are prepared according to Example B3 


4,6-ethanediylideaepyrimido[4,S- 

h] [1 ,4,6, 1 0, 1 3]benzoi)entaazacyclohexadecin- 1 2(7H)-one, 18- 
chloro-17-fluoro-8,9,10,ll,13,14,15,20-octahydro- 


CQmpound6 


-4,6-ethanediylidenepyrimido[4,5-b]pyrrolo[2, 1 - 

1] [ 1 ,4, 6, 1 0, 1 3]benzopentaazacyclohexadecin- 1 2(7H)-one, 20- 

chloro-19-fluoro-8,9,10,ll,12a,13,14,15,17,22-decahydro- 


CQnq90und7 


-4,6-ethanediylidenepyrimido[4,5- 

h][l,4,6,10,13]benzopentaazacyclohexadecin-12(7]^-one, 18- 
chloro-17-fluoro-8,9,10,l l,13,14,15,20-octahydro-14-metiryl- 


Compounds 


4,6-etfaanediylidene-l lH-pyrimido[4,S- 
^][lA6,9,12]benzopentaazacyclopentadecin-ll-one, 17-chloro- 
16-fluon>-7,8A10,12,13,14,19-octahydK>-13-mefliyl- 


Compound 9 


4,6-ethanediylidenepyrin]ido[4,S- 

b][l,4,6,10,13]benzopentaazacyclohexadecin-12(7E9-one, 18- 
chloro-1 7-fluoro-8,9, 10,1 1,1 3,14, 15,20-octalQrdro-13-(2- 


Con^poundlO 
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4,6-ethanediyKdenepyrmiido[4,5- 

l>][lA6,10,13]beii2opentaazacyclooctadecm-15(16H)-one,20- 
bramo-7,8,9,10,1 1,12,13,14,17,22-decahydro- 


Compound 11 


4,6-ethanediylidenepyriinido[4,5- 

y [1 A6> 1044]beiizopentaa2acyclooctadecm-l 6(7H)-on^ 

cliloro-8,9,10,ll,12,13,14,15,17^-decaliydio- 


Compound 12 


4,6-ethanedjyUde&e-7H-pyriimdo[4,S- 

l>][lA6jl044]benzopentaazacyclQn<Miadecm-16(17^ 21- 
chl0ro-8AlO,ll,12,13,14,15,18^3.decahydio- 


Coxnpoimd 13 


4,6-efhanediyUdenepymmdo[4,S- 

,4,6,10,13]benzopentaazacyclooctadecm-15(16H)-one, 20- 
chloro-7,8,9,10,1 1,12,13,14,17^-decahydro- 


Compound 14 



Pxepaiation of 7/f^ljEr-6,4-(nitrflomelheno)pyri]m 

tdazacyclohqptadecm-12(13J7)-one, 8,9,10,1 l,14,lS-hexahydio- (compomid4) 
1 -|>is(dime1hylanMno)methylene]-3-oxide-l/?^be^ hexafluoio- 
phospliate(l-) [94790-37-1] (0.00165 mol) was dissolved in DMF (40 ml) and stirred at 
5 room temperature. Intermediate (16) (0.00055 mol) was dissolved in DMF (20 ml) and 
JNr-ethyl-J\r-(l-methylefhyl)-2-propanainine (0.0033 mol) was added This solution was 
added slowly over a 2 hours period to the first solution. The light-gieen solution was 
stirred overnight at room temperature. The solvent (DMF) was evaporated, yielding 
con:qx>und (4). 



Coinpounds ftat are prepared according to Example B4 


6,4-(nitrilometheno)pyiimido[4,5- 

b] [ 1 , 6, 1 0, 1 3]benzotetraazacyclohexadecin- 1 2(7H)-one, 1 8-chloro- 1 7- 
fluoro-8,9,10,1 1,13,14,15,20-octahydro- 


Compound 15 


-6,4-(ni1rilometheno)pyrimido [4,5 -b]pyrrolo[2, 1 - 
l][l,6,10,13]beiizotetraazacyclohexadecin-12(7H)-one, 20-chloro-19- 
fluoro-8,9,10,ll,12a,13,14,15,17,22-decahydro- 


Compound 16 


-6,4-(nitrilometheno)pyrimido[4,5- 

b] [ 1 ,6, 1 0, 1 3]benzotetraazacyclohe[xadecin- 1 2(7H)-one, 1 8-chloro- 1 7- 
fluoro-8,9,10,1 l,13,14,lS,20-octahydro-14-metlqrl- 


Compound 17 
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6,4-(xiitrilometheno)-l lH--pyTmiido[4,5- 

j6A12]beiizotetiaazacyclopentadecm-l 1-one, 17-cliloro-16- 
fluoTo-7,8,9,10,12,13,14,19-octahydro-13-methyl- 


Compound 18 


6,4-(nitrUome1iieno)pyriimdo[4,5- 

b][l,6,10,13]beiizote1iaazacyclohexadecin-12(7H)^^^ 1 8-chloro-17- 
fluoro-8,940,1143,14,15,2()K)Ctahydro-13-(2-methy%)iop^^^^ 


Compound 19 


6,4-(iiitrilomellie]io)pyx]mido[4,5- 

b][l A1043]beiizotetraazacyclooctadecm-15(16H) 20-biomo- 
7,8,9,10,1 l,12,13,14,17;22.decahydio- 


Compound 20 


6,4-(iiitiilomefheno)pyrimido[4,S- 

b][l,6,10,14]bexizotetraazac7clooGtadecm"16(7H)-one, 20-Ghloro- 
8,9,10,1 1,12,13,14,15,17,22-decahydio- 


Ck>mpound21 


6,4-(m1iaomelJieno)-7H-pyrimido[4,5- 

b] [ 1 , 6, 1 0, 1 4]beiizotetraaza(^clononadecin- 1 6( 1 7H)-one, 2 1 -cUcro- 
8,9,10,11,12,13,14,15,18,23-decahydio- 


Compound 22 


6,4-(nitrilomefheno)pyiitnido[4,5- 

b][l,6,10,13]benzotetraaracycloocl2decm-15(16H)-one, 20-cMoro- 
7,8,9,10,1 l,12,13,14,17,22.decahydro- 


Compound 23 



All other conqpounds can be prepared according to these procedures with the remark 
that the cpds >mth Y being C1.5 allgrl and X^/X^ NH are cyclized under ring closing 
metalhesis conditions using second generation Gmbbs catatysts of the dienes (see 
example BS hereinafter) 

Example B5 

Preparation of 4,6--ethanedry^Udenepynmido[4,5- 
1>][l94,6,ll]benzotettaazacyclotetradecine, 16-chloro-lS-fluQro- 
7,8,9,10,ll,12,13,18-octahydro-12-methyl- (compound 5) 

Lntemxediate (21) (1 equiv) was dissolved in a methanol/dioxane mixture (4/1), then 
catalyst Pt/C (0.3 equiv) was added and the reaction mbcture was stirred for 4 hours 
under H2 atmosphere. The resulting mixture was filt^ed over a short celite i>ad and the 
filtrate was concentrated to dryness. The obtainedresidue was dried under high 
vacuum, to afford 0.029 g (60 %) of pure compound (S). 
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Compound id entifirarinn 

The coiqsounds were identified by LC/MS using a gradient eluition system on a 
Teveised phase HPLC. Hie compounds aie identified by tiieir ^specific letention time 
5 and tiidrprotonated molecular ion MHT^ peak. TheHPLCgnMlientwas sv^liedby a 
Waters Alliance HT 2790 system with a colimmheater set at 40''C. Flow fix>m the 
colunm was split to a Waters 996 pbotodiode array (PDA) detector and a Waters- 
Aficromass ZQ mass spectrometer with an electrospiay ionization source operated in 
positive and negative ionization mode. Reversed phase HPLC ^as carried out on a 

10 Xterra MS C18 column (3.5 (xm, 4.6 x 100 mm) with a flow rate of 1.6 ml/min. Three 
mobile phases (mobile phase A 95% 25mM ammoniumacetate + 5% acetonitrile; 
mobile phase B: acetonitrile; mobile phase C: metiianol) were employed to run a 
gradient condition £rom 100 % A to 50% B and 50% C in 6.5 otinutes, to 100 % B in 1 
mmute, 100% B for 1 minute andreequilibrate with 100 % A fx>r 1.5 minutes. An 

15 injection volume of 10 \iL was used. 

Mass spectra were acquired by scanning fiom 100 to 1000 in 1 s using a dwell time of 
0.1 s. The capillary needle voltage was 3kV and the source temp«ature was maintained 
at 140°C , Nitrogen was used a the nebulizer gas. Cone voltage was 10 V for positive 
ionzation mode and 20 V for negative ionization mode. Data acquisition was performed 

20 with a Waters-Micromass MassLynx-Openlynx data system. 

Table : retention time (RT in minutes) and molecular weigbt as die MET^ 



Compound 
No. 


Rt 


MH+ 


9 


6.57 


416 


5 


8.78 


387 


7 


6.87 


456 


11 


5.44 


470 


14 


5.42 


426 


int20 


8.62 


413 


Int21 


8.06 


387 


3 


6.08 


379 


4 


5.77 


379 



25 CI. Phanrifl cnTogtcal eyflmp lesi 

Example C.l : in vitro inhibition of EGFR 

The in vitro inhibition of EGFR was assessed using either the Flash Plate technology or 
Ae glass-fiber filter technology as described by Davies, S-P. et al., Biochem J. (2000), 
351; P.95-10S. The Flash Plate technology is generally described by B Biown et al. 
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in High Throughpiit Screening (1997), p.3 17-328. Editor(s): Devlin, John R 
PubKsher: DeWcer, New Yodc, N. Y. 

In fhe Flash Plate EGFR kinase reaction assay, a kinase siibstrate consisting of 
5 Idotinylated pol/QL-glutamic acid-L-tyrosine) (poly(GT)biotin), is incubated with fhe 
aforementioned porotein in Ihe presence of (^^P) radiolabeled ATP. (^^) phosporylation 
of the substrate is subsequently measured as light energy emitted using a streptavidin- 
coated Flash Plate (PerkinBlmer Life Sci^ces) by trapping and quantifying the bmding 
of the biotin tagged and radiolabeled substrate. 

10 

Detailed description 

The EGFR kinase reaction is performed at 30^C for 60 minutes in a 96-well microtiter 
FlashPlate (PerkinEhner Life Sciences). For each of the tested compounds a full dose 
resfponse 1.10"^ to 1.10"^^ has been performed. IRESSA® and Tarceva™ (erlotinib) 
15 were used as reference compounds. The 100 p.1 reaction volume contains S4.S noM 
TrisHQ pH 8.0, 10 mM MgCk, lOOjuM NaaVOA , 5.0 jiM unlabeled ATP, ImM DTT, 
0.009% BSA, 0,8 \lCi AT^¥, 0.35 jig/well poly(GT)bio1in and 0.5 |ig EGFR-kinase 
domain/well. 

The reaction is stopped by aspirating the reaction mixture and washing the plate 3x 
20 with 200 ixl wash/stop buffer (PBS + 100 mM EDTA). After tiie final wash step 200 |jJ 
of wash/stop buffer was added to each well and the amount of phosphorylated (^^P) 
Poly(GT)biotin determined by counting (SG-^tchreV) in a microtiterplate scintillation 
counter. 

25 In the glass-fiber filter technology EGFR kinase reaction assay, a kinase substrate 
consisting of poly(L-glutaiiuc acid-L-tyrosine) (poly(GT)), is incubated wilh the 
aforementioned protein in the presence of (^^) radiolabeled ATP. (^^) Phosporylation 
of the substrate is subsequentiy measured as radioactivity bound on a glassfiber-filter. 
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Detailed description 

The EGFR kinase reaction is perfonned at 25''C for 10 minutes in a 96-well 
microtiterplate. For each of the tested compoimds a fbll dose response 1 .10"^ to 1 .10' 
^^M has been performed. IRESSA® and Tarceva™ (eriotinib) were mised as reference 
compounds. The 25 ^1 reaction volume contains 60 inM TrisHCl pBE 7.S, 3mM 
MgCl2,3mMMha2,3MMNa3VO4,50jig/mlPEG20000, 5.0 pME unlabeled ATP, 
ImMDTT, O.limaAT^^P, 62.5 ngA^treU poly(GI) and 0.5 EGER-ldnase 
domain/well. 

The reaction is stopped by adding 5 jil of a 3% phosphoric add solution. 10 (il of the 
reaction mixture is then spotted onto a Filtermat A filter (Wallac) andl washed 3 times 
for 5 min. in 75 mM phosphoric acid and 1 time for 5 min. in methaoLol prior to drying 
and quantification on the Typhoon (Amersham) using a LE phosphoxrage storage 
screen. 



15 Example C.2: Serum starved proliferation assay on tiie ovarian carcir^oma SKOV3 cells 



The ovarian carcinoma cell line (SKOV3) was used in an epidermal growth &ctor 
stimulated cell proliferation assay, to assess the ichibitoiy effect of thie compounds on 
EGF in whole cells. 

In a first step the SKOV3 cells were incubated for 24 hours in the presence of 10% FCS 
serum. In the second step tiie cells were incubated witii the compouncis to be tested in a 
s^rum fi^ee condition (37 ''C and 5% (v/v) CO2) and subsequently stimulated for 72 
hours with EGF at a final concentration of 100 ng/ml. The effect of t±Le confounds on 
the EGF stimulation was finally assessed in a standard MTT cell viabilily assay. 



20 



25 



The following table provides the pIC50 values of flie con^unds according to the 
invention, obtained using the above mentioned kinase assays. 



Compound number 


In vitro kinase 
activity assay.(C1) : 

lf!Sn In nM 


^ zi. 

%^ 

CO 








2 


8.5 


<5.0 



Intermediate number 


In Wfro kinase 
activity assay .(CI) : 

\rA(\ in nM 


SKOV3cell(C2): 
ICSOIn 


2 


8.2 


5.5 


3 


8.4 


6.1 
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Compound number 


In vitro kinase 
activity assay. (CI) : 

in«50 in nM 


= ^ 
CO 


1 


8.3 


6.23 









Intermediate number 


/n vitro kinase 

activity assay. (CI) : 
ir^^n in nM 


r t 

^ c 
o — 

CO 


4 


8.3 


5.8 


6 


8.4 


6.0 
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D. Con^K)si1icm samples 

The following fonnulations exemplify typical phatmaceutical compositions suitable for 
systemic administiation to animal and human subjects in accotdance with the present 
invention. 

"Active ingredient" (AJ.) as used throughout these examples relates to a compound of 
formula ([), QOQd) or a pharmaceutically acceptable addition salt thereof 

RyatnpleP.I ; filtn- coated tablets 

Ercpjiration.pfj^ 

A nMxture of AJ. (100 g), lactose (570 g) and starch (200 g) was mixed well and 
thereafter humidified with a solution of sodium dodecyl sul&te (5 g) and polyvinyl- 
pyrrolidone (10 g) in about 200 ml of water. The wet powder mixture was sieved, dried 
and sieved again. Iben there was added microcrystalline cellulose (100 g) and ' 
hydrogenated vegetable oil (15 g). The whole was inixed well and compressed into 
tablets, giving 10.000 tablets, each comprising 10 mg of tiie active ingredient 



To a solution of methyl cellulose (10 g) in denaturated ethanol (75 inl) there was added a 
solution of ethyl cellulose (5 g) in CH2CI2 (150 ml). Then there were added CH2CI2 (75 ml) 
and 1,2,3-propanetriol (2.5 ml). Polyethylene glycol (10 g) was molten and dissolved in 
dichloromethane (75 ml). The latter solution was added to the former and then tihtere were 
added magnesium octadecanoate (2.5 g), polyvinyl-pyrrolidone (5 g) and concentrated 
color suspension (30 ml) and the whole was homogenated. The tablet cores were coated 
Willi Hie thus obtained mixture in a coating a p p a r a t u s. 



